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Under the Auspices of:
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS
Welcome Letter
Dear participant of the CSI XL and IX EMSLIBS,
It is a great pleasure for the organizers to host the Colloquium Spectroscopicum
Internationale XL and the IX Euro-Mediterranean Symposium on Laser Induced
Breakdown Spectroscopy in Italy from 11th to 16th of June, 2017. It is the third time
that both CSI and EMSLIBS are organized in Italy after the CSI II (Venice, 1951), CSI
XVII (Florence, 1973), 5th EMSLIBS (Frascati, 2009) and 7th EMSLIBS (Bari, 2011).
Since the first meeting in 1950, CSI was always a forum where scientists involved in
all aspects of Spectroscopy meet to share their experience, discuss results and
applications, and present new ideas. On the other hand, recent EMSLIBS
conferences have transcended their original regional scope and acquired a global
reputation, which will be enhanced this year by being co-organized with the
Colloquium Spectroscopicum Internationale. Together these events represent a
historic forum to discuss developments in fundamentals and applications of all
branches of spectroscopy. The joint organization of the CSI and EMSLIBS events in
Pisa has been realized with the aim to have a positive impact on both conferences
by fostering synergisms among participants of all ages, as well as the level of
participation, in the stimulating atmosphere of a beautiful city of art in Tuscany.
We are grateful to the invited, plenary and keynote speakers, who agreed to
contribute with their knowledge to the success of the conference, to all the
participants presenting oral and poster contributions and to the sponsors for their
generous support.
A special thanks to the people of Organizing, Scientific and Local Committees for
their great work and effort, which has been indispensable for the organization of
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General Information
Poster sessions
Posters should be mounted in the morning of the day on which they are
scheduled and should be removed in the evening, no later than 8 pm.
Supplies for mounting posters can be collected at the registration desk. Each
poster will be assigned a board with a code corresponding to the one reported in
this booklet.
Any posters left at the end of the poster session will be removed by the staff and
discarded.
Presenting authors are encouraged to attend to their posters during the poster
sessions to discuss the contents with other delegates.
Prizes for the Best Poster presented by a student are kindly sponsored by JAAS
and Elsevier.
Lectures and Oral Presentations
Plenary Lectures (PL) duration will be 45 min
including discussion, Invited Lectures (IL) and
Keynote Lectures (KL) will be 30 min including
discussion, Oral Presentations (OP) will be 15
min, including discussion. All speakers are kindly
asked to respect the time at their disposal in
order to avoid any delay. The files for oral
presentations should be saved in the following
formats: Power Point Presentation (*.ppt or
*.pptx) or PDF. Different formats might be
incompatible with the presentation software
provided by the Congress Center. All the
presentations must be loaded on the main server
of the Congress Center. Personal computers
cannot be connected to the server.
Morning speakers are kindly requested to provide
their presentation on USB the day before their
lecture is scheduled. Afternoon speakers are
kindly requested to provide their presentation on
USB before the lunch break.
ID Badge
For security reasons, the
participants are requested
to wear their ID badge




To access the Internet using
WIFI, participants are




personal password for free
WIFI access can be obtained
from the Conference desk,
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Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS
Plenary Lectures
Monday 12th of June
PL01 Javier Laserna (Universitade de Malaga, Spain) The sources, progress and
frontiers of an exciting technology: laser-induced breakdown spectroscopy
PL02 Marco A. Zezzi Arruda (University of Campinas, Brasil) Unraveling genetically
modified organisms through mass spectrometry
Tuesday 13th of June
PL03 Ove Axner (Umeå University, Sweden) NICE-OHMS and NICE-AAS -
Frequency Modulated Cavity Enhanced Spectroscopic Techniques for Sensitive
Detection of Molecules and Atoms down to 10-14 cm-1. Principles, Current Status, and
Prospects
PL04 Filella Montserrat (University of Geneva, Switzerland) When Anthropocene
means exploiting all the elements of the periodic table: a new challenge for
environmental analytical chemistry
Wednesday 14th of June
PL05 X. Chris Le (University of Alberta, Canada) Arsenic Speciation and Arsenic
Binding to Proteins
Thursday 15th of June
PL06 Annemie Bogaerts (University of Antwerp, Belgium) The plasma
characteristics and sample behavior in the ICP revealed through computer modeling
PL07 Richard E. Russo (University of Berkeley, California USA) Solid Matrix
Transformation as a Sample Preparation Method for Laser Induced Breakdown
Spectroscopy and Laser Ablation Inductively Coupled Plasma Analysis
Awards
Friday 16th of June
CSI Award: Bernard Welz (Departamento de Química, Universidade Federal de
Santa Catarina, Florianópolis, SC, Brazil) Solid Matrix High-resolution Continuum
Source Absorption Spectrometry can do it...
LIBS Award: Nicolo Omenetto (University of Florida, Gainesville, FL, USA) Laser
Induced breakdown spectroscopy: personal reminescences of a long lasting
interaction
JAAS-EIL Award: Sohail Mushtaq (London Metropolitan University, United
Kingdom) Latest developments in understanding the plasma processes in analytical
glow discharge optical emission and mass spectrometry
OSA Lecture: Mohamed Abdel Harith (University of Cairo, Egypt) Evolution of
EMSLIBS from regional meeting to an inclusive global event
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS
Nanotech Sessions
NanotechI–Monday12thof June–EarlyMorningSession
(09.45–10.15) IL01 Invited Lecture: Heidi Goenaga, S. Nunez, D. Bartczak QQQ ICP–MS hyphenations for the
characterizations of manufactured nanomaterials in complex matrices: from sized based speciations to counting
(10.15–10.30) OL01–Anna Czaderna, M. Kozanecki, M. Makowski, J. Tyczkowski The feasibility of analysis of water
structure in electric field using molecular spectroscopies
(10.30–10.45) OL02–Akif G. Bozkurt, G. G. Büyükgöz A, M. Şoföroğlu A, Uğur Tamer B, İ. H. Boyacı Alkaline
phosphatase lbdeled SERS active sandwich immunoassay for the detection of E. coli
NanotechII–Monday12thof June–LateMorningSession
(11.15–11.45) IL02 Invited Lecture: Anna V. Tugarova, A. A. Kamnev Vibrational Spectroscopy in Studying Microbially
Synthesised Selenium Nanoparticles.
(11.45–12.15) KL01 Keynote Lecture: Martin Resano, E. García–Ruiz, R. Garde Characterization of metallic
nanoparticles via high resolution continuum source atomic absorption spectrometry
(12.15–12.30) OL03–Paulina Filipczak, M. Kozanecki, K. Halagan Surface Enhanced Raman Scattering of Water in
Dispersions of Silver Nanoparticles
(12.30–12.45) OL04–Magdalena Matczuk, J. Legat CE–ICP–MS as a platform to differentiate the speciation changes of
various theranostic metalonanomaterials in human serum
(12.45–13.00) OL05–Nicoletta Ditaranto, M. C. Sportelli, R. A. Picca, L. Sabbatini, N. Cioffi Spectroscopic
characterization of second–generation nanostructured antimicrobials
NanotechIII–Monday12thof June–AfternoonSession
(14.45–15.15) IL03 Invited Lecture: Andreas–Germanos Karydas, M. Czyzycki, A. Migliori, J. J. Leani, J. Osan, N.
Vakula, M. Bogovac, P. Wrobel, I. Darby, R. B. Kaiser Interdisciplinary synchrotron radiation based X–ray spectrometry
applications using the IAEA multi–technique instrument operated at the XRF beamline of Elettra Sincrotrone Trieste.
(15.15–15.30) OL06–Beata Godlewska–Żyłkiewicz, J. Malejko, N. Świerżewska Development of HPLC–ICP MS
Method for Separation and Determination of Nano and Ionic Forms of Gold and Silver
(15.30–15.45) OL07–Diego Pereira Leite, E. Bolea–Fernandez, A. Rua–Ibarz, M. Resano, F. Vanhaecke, M.
Aramendía Characterization of SiO2 Nanoparticles by Single Particle – Induc–tively Coupled Plasma – Tandem Mass
Spectroscopy
Food Analysis Sessions
Food Analysis I – Monday 12th of June – Early Morning Session
(09.45–10.00) OL10–Banu Sezer, G. Bilge, I. H. Boyaci Laser Induced Breakdown Spectroscopy Based Protein Assay for
Cereal Samples
(10.00–10.15) OL11–Wiliam Boschetti, L. M. G Dalagnol, M. B. Dessuy, M. Dullius, M. GoretI, R. Vale Control of
spectral interference in must and wine analysis via high–resolution continuum source flame atomic absorption
spectrometry Elemental mass spectrometric evaluation of iron nanoparticles as an enhanced iron supplement for formula
milk
(10.15–10.30) OL12–Sonia Fernández–Menéndez, R. R. Alves Peixoto, M. L. Fernández-Sánchez, B. Fernández-
Colomer, M. Suarez, M. Costa, A. Sanz-Medel Elemental mass spectrometric evaluation of iron nanoparticles as an
enhanced iron supplement for formula milk
(10.30–10.45) OL13–Beatriz Gómez–Nieto, L. Fernández–López, M. J. Gismera, T. Sevilla, J. R. Procopio Evaluation
of internal standardization to improve the determination of trace elements in beverages by high–resolution continuum
source flame atomic absorption spectrometry
Food Analysis II – Monday 12th of June – Late Morning Session
(11.15–11.30) OL14–Havva Tumay Temiz, B. Sezer, A. Berkkan, I. H. Boyaci Laser Induced Breakdown Spectroscopy
for Determination of Butter Adulteration
(11.30–11.45) OL15–Rob McCrindle, B. Mehari, M. Redi-Abshiro, B. S. Chandravanshi, S. Combrinck Identification of
the Region of Cultivation of Ethiopian Coffee Using Spectrometric Data
(11.45–12.00) OL16–Elif Ercioglu, S. D. Velioglu, H. T. Temiz, H. M. Velioglu, A. Topcu, İ. H. Boyaci Barcoding
Approach for Determination of Vegetable Oil by Raman Spectroscopy
(12.00–12.15) OL17–(SHIMADZU)–Uwe Oppermann Wine Analysis by ICPMS-2030
(12.15–12.30) OL18–Maria González–Cabrera, A. Domínguez–Vidal, M. J. Ayora–Cañada Study of olive fruit ripening
process by means of principal component analysis of hyperspectral FTIR images
(12.30–12.45) OL19–Koichi Chiba, T. Iwai, T. Narukawa Arsenic Speciation and Cadmium Determination in Tobacco
Leaves and Smoke
(12.45–13.00) OL20–Marco Consumi, G. Leone, G. Tamasi, C. Bonechi, C. Rossi, A. Magnani High quality analysis of
food by multivariate ToF–SIMS
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Food Analysis III – Monday 12th of June – Afternoon Session
(14.45–15.00) OL21–Burcu Guven, E. A. Soykut, I. H. Boyaci, U. Tamer Developing the Rolling Circle Amplification
(RCA) Based Surface–Enhanced Raman Spectroscopy (SERS) Method for Genetically Modi–fied Organisms (GMOs)
(15.00–15.15) OL22–Katarzyna Bierla, J. Jimenez–Lamana, J. Szpunar, R. Lobinski Selenocysteine and selenium
nanoparticle determination in selenium–rich yeast by coupled techniques and single particle ICP MS
(15.15–15.30) OL23–Nil Ozbek, S. Akman Application of Solid Sampling for the Determination of Total Fluorine in Some
Fish Varieties and Other Seafoods by High–Resolution Continuum Source Graphite Furnace Molecular Absorption
Spectrometry
(15.30–15.45) OL24–Francisco Comino, A. Domínguez-Vidal, M. J. Ayora-Cañada, V. A. Sanjuán Near infrared
spectroscopy and X–ray fluorescence data fusion for olive nutritional status determination
(15.45–16.00) OL25–Anielle Coelho Ranulfi, G. S. Senesi, J. B. Caetano, M. C. Meyer, A. B. Magalhães, Paulino R.
Villas–Boas, Débora M. B. P. Milori Nutritional characterization by laser–induced breakdown spectroscopy of healthy and
Aphelenchoides sp. Infected soybean leaves
Food Analysis IV – Wednesday 14th of June – Early Morning Session
(09.15–09.30) OL157–Gonca Bilge, B. Sezer, I. H. Boyaci Comparison of Laser Induced Breakdown Spectroscopy
Analysis Between Milk and Milk Powder
(09.30–09.45) OL158–Tiago Varão Silva, J. A. Gomes Neto, D. M. B. P. Milori, E. J. Ferreira, E. C. Ferreira
Quantitative prediction of coffee adulteration by defective beans using Laser–Induced Breakdown Spectroscopy
(09.45–10.00) OL159–Jorge Caceres, S. Manzoor, S. Moncayo, D. Rosales, R. Izquierdo-Hornillos, J. Anzano Food
analysis by Laser Induced Breakdown Spectroscopy (LIBS)
(10.00–10.15) OL160–Mariela Pistón, S. Mondutey, I. Machado, N. Pastorino, V. Arce, F. Iaquinta Determination of
Cu, Fe, Mn and Zn in wheat flour using TXRF: Comparison with FAAS and ETAAS
(10.15–10.30) OL161–Sadia Manzoor, S. Moncayo, J. D. Rosales, R. Izquierdo, J. Anzano, J. O. Cacereso Qualitative
and quantitative analysis of milk for the detection of adulteration by Laser Induced Breakdown Spectroscopy
(10.30–10.45) OL162–María del Carmen Rico Rodríguez, S. Manzoor, J. D. Rosales, J. O. Cáceres Fast Detection of
Adulteration in Honey using Laser–Induced Breakdown Spectroscopy and Neural Networks
Archeology & Cultural Heritage Sessions
Arch&Heritage I – Monday 12th of June – Early Morning Session
(09.45–10.15) IL04 Invited Lecture: Roberta Fantoni In situ and remote spectroscopic characterization of Cultural
Heritage surfaces
(10.15–10.45) KL02–Claudia Pelosi, G. Agresti, G.e Bonifazi, G. Capobianco, F. Morresi, S. Rossi, U. Santamaria, S.
Serranti Multi–analytical approach for the evaluation of the stability of paint–ing materials for conservation purposes
Arch&Heritage II – Monday 12th of June – Late Morning Session
(11.15–11.30) OL27–Laura Cartechini, D. Buti, F. Rosi, C. Anselmi, S. Centurioni, F. Talarico, G. Tranquilli, C. Zaccheo,
C. Miliani Chemical changes in oil paints containing copper–based green pig–ments: a systematic investigation by ATR–
FTIR spectroscopy
(11.30–11.45) OL28–Gianni Gallello, J. Bernabeu, A. Diez, P. Escriba, A. Pastor, M. Lezzerini, M. E. Hodson, D.
Stump Rare Earth Elements analysis to identify anthropogenic signatures at the Valle del Serpis (Spain) Neolithic
settlements
(11.45–12.00) OL29–Francesca Rosi, M. Patti, E. Buzzegoli, R. Cremoncini, F. Gabrieli, L. Cartechini, R. Fontana, D.
Kunzelman, A. Romani, C. Anselmi, D. Buti, B. G. Brunetti, A. Sgamellotti, C. Miliani MOLAB transnational access at
the Estorick Collection: non invasive study of the Italian Futurist paintings
(12.00–12.15) OL30–Rezida Khramchenkova, P. Kaplan, A. Sitdikov, I. Biktagirova Research of gesso and paint layers
of the fresco painting of St. Christopher with a horse head from the Assumption Cathedral on the Sviyazhsk Island (Russia)
(12.15–12.30) OL31–Barbara Wagner, L. Kępa, Z. Żukowska, A. Lewandowska Screening of inorganic species using
LA–ICP–MS imaging data and Raman spectroscopy for historic pigments identification
(12.30–12.45) OL32–Annalisa Chieli, A. Romani, B. Doherty, C. Anselmi, I. Degano, F. Sabatini, C. Miliani Why does
Geranium lake fade? Photochemical study of eosin–based pigments in oil paints
Arch&Heritage III – Monday 12th of June – Afternoon Session
(14.45–15.15) KL03 Keynote Lecture: Ilaria Bonaduce Organic mass spectrometry to investigate molecular degradation
phenomena of modern oil paintings
(15.15–15.30) OL34–Giuseppe Spoto, G. Grasso, M. Calcagno, A. Rapisarda, R. D’Agata Atmospheric pressure MALDI
for the non–invasive characterization of carbonaceous ink from Renaissance documents
(15.30–15.45) OL35–Ioana Maria Cortea, R. Rădvan, L. Ghervase, L. Ratoiu, M. Dinu In–situ characterization of the
pictorial layers of an original 1771 Pascal Taskin harpsichord
(15.45–16.00) OL36–Stefano Columbu, S. Carboni, S. Pagnotta, M. Lezzerini, S. Raneri, S. Legnaioli, V. Palleschi
Secondary mineral phases and ancient treatments on limestone from Monte de Prama nuragic statues (Sardinia, Italy)
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Arch&Heritage IV – Tuesday 13th of June – Early Morning Session
(09.15–09.45) KL11 Keynote Lecture: Marta Manso, S. Pessanha, M. Guerra, J. P. dos Santos, M. L. Carvalho X–ray
fluorescence and Raman analytical techniques in written and artistic documents characterization
(09.45–10.00) OL113–Alessia Artesani, S. Mosca, A. Nevin, G. Valentini, D. Comelli Time resolved photoluminescence
spectroscopy for investigation of semiconductor modern pigments
(10.00–10.15) OL114–Jeannette J. Lucejko, J. La Nasa, C. M. A. McQueen, F. Modugno, S. Braovac, M. P. Colombini
Protective effect of linseed oil varnish on archaeological wood treated with alum
(10.15–10.30) OL115–Emilio Catelli, G. Sciutto, J. Yiming, S. Prati, R. Mazzeo Total Reflection Near and Mid–Infrared
Spectroscopic Studies on Outdoor and Archaeological Bronze Patinas
(10.30–10.45) OL116–GioacchinoTempesta Micro–LIBS vs. XRF analysis of surface–enriched silver coins. Is a micro–
destructive approach really unavoidable?
Arch&Heritage V – Tuesday 13th of June – Late Morning Session
(11.15–11.45) IL09 Invited Lecture: Maria Luisa Carvalho, M. Manso, S. Pessanha, A. Guilherme, I. Queralt X–ray
micro beam: Cultural and archaeological heritage applications overview
(11.45–12.00) OL117–Sibilla Orsini, F. Zinna, T. Biver, L. Di Bari, I. Bonaduce, M. P. Colombini Spectroscopic
investigation of the interactions between commercial stains and protein matrices used in paintings
(12.00–12.15) OL118–Mohammadmahdi Hassanimatin, S. H. Tavassoli, Y. N. Qhods, H. Nozari Reducing Ablation
and Improving Signal in Laser Induced Breakdown Spectroscopy by Using Spark Discharge in Sensitive and Valuables
Samples
(12.15–12.30) OL119–(RENISHAW)–Riccardo Tagliapietra The road map towards providing a robust Raman
spectroscopy-based cancer diagnostic platform and integration into clinic
(12.30–12.45) OL120–Lynda Idjouadiene The first study of non–destructive technical to some manuscripts of Algerian
heritage.
(12.45–13.00) OL121–Eugenia Shaykhutdinova, R. Khramchenkova, R. Khasanov, A. Sitdikov A unique 10th century
silver coin of the Banijurid dynasty (Bolgar settlement, Russia)
Environment Sessions
EnvirI–Monday12thof June–EarlyMorningSession
(09.45–10.15)KL04KeynoteLecture:Patricia Smichowski, F.Fujiwara, M.E.Guiñez, S.Cerutti,D.GómezOxygented andnitrated
PAHs intheatmosphereofBuenosAires.DeterminationbyUHPLC(+)APCI–MS/MS
(10.15–10.30)OL38–Beatrice Campanella, L. Biancalana, C. Casiot, M. Onor, M. Perotti, R. Petrini, E. Bramanti The feasibility of analysis
of water structure in electric field using molecular spectroscopies hallium speciation in acid mine drainages: method development, influence of
environmentalparametersandapplication
(10.30–10.45) OL39–(GIOTTO BIOTECH)–Matteo Gentili, A. Bonari, I. Pompilio, S. Dugheri Customized reference compounds for the
determinationofpollutants,metabolitesandresiduesofchemicalmanufacturing
EnvirII–Monday12thof June–LateMorningSession
(11.15–11.30) OL40–Ricardo Urrutia–Goyes, A. Argyraki, N. Ornelas–Soto Compound Methodology for the Characterization of Lead
ContaminationinSoil:TheCaseofaFormerBatteryFactory inMonterrey,Mexico
(11.30–11.45) OL41–Yoko Nunome, K. Kodama, Y. Ueki, R. Yoshiie, I. Naruse, K. Wagatsuma Detection of Volatile Organic Compounds
indirectcurrentpulseglowdischargeplasmabySoftPlasmaIonizationMassSpectrometry
(11.45–12.00)OL42–Emilia Vassileva, I.Wysocka Determinationofselectedtraceelementsintheopenocean
(12.00–12.15) OL43–Agnieszka Anna Krata, J. Karasinski, E. Bulska, M. Wojciechowski, L. Halicz Ion Chromatography Coupled
Multicollector/ICPMSintheDeterminationofInorganicCations
(12.15–12.30) OL44–Asli Baysal, H.Saygın, G. S. Ustabasi Impact of soil and root type on the behavior of ZnO and Al2O3 by microbial and
antioxidantactivity
(12.30–12.45) OL45–LiWu, H.–S. Chae, A. Malek, H. Kim, C. Ro Chemical compositional bulk analysis of size–segregated aerosol particles
usingATR–FTIR
(12.45–13.00) OL46–Xue Li, J. Lee, H.–J. Eom, H.–J. Yoo, C.–U. Ro Real–Time Investigation of Chemical Compositions and Hygroscopic
PropertiesofAerosolsGeneratedfromNaClandOxalicAcidMixtureSolutionsUsinginSituRamanMicrospectrometry
EnvirIII–Thursday15thof June–EarlyMorningSession
(09.15–09.45) KL25 Keynote Lecture: Zoltan Mester, P.–M. Le, J. Ding, D. M. Leek, J. Meija, G. Robertson, A.
Windust, T.Matousek Arsenic speciation in certified reference materials
(09.45–10.00) OL193–Barbara Leśniewska, B. Godlewska–Żyłkiewicz, L. Trzonkowska Novel Methods for Speciation
Analysis of Chromium in Environmental Samples Based on Solid Phase Extraction and Ion–exchange Chromatography
Coupled to Atomic Spectrometry
(10.00–10.15) OL194–Victor G. Mihucz, L. Bencs, M. Óvári, C. Streli, G. Záray A Simple Speciation Method for
Monitoring Arsenic Removal from Drinking Water
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(10.15–10.30) OL195–Reham Afifi Rezk LIBS and XRF analysis of heavy metals adsorbed in fish bones: Adsorption
Isotherm and Kinetics Studies
(10.30–10.45) OL196–(LUMEX)–Nikolay Ivanov Application of Graphite Furnace Atomic Absorption Spectrometer with
Zeeman High Frequency Polarization Modulation background correction for environmental analysis
EnvirIV–Thursday15thof June–LateMorningSession
(11.15–11.30) OL197–Jan Viljanen, M. A. Wakil, J.Toivonen, Z. T. Alwahabi Temporal Elemental Release During
Biomass Combustion Using Microwave Assisted Laser–induced Breakdown Spectroscopy
(11.30–11.45) OL198–Zheng Wang, Q. Li, C. Huang, J. Mo, J. Ma, R. Gai Element Determination By Atmospheric–
Pressure Solution Cathode Glow Discharge And Atomic Emission Spectrometry
(11.45–12.00) OL199–Giuseppe Capobianco, G. Bonifazi, V. Di Giovenale, S. Serranti A hierarchical classification
approach for the identification of different waste polymers by hyperspectral imaging
(12.00–12.15) OL200–Gerrit Renner, T. C. Schmidt, M. Egelkraut–Holtus, J. Schram Automated Identification of
Environmental Microplastics Based on FT–IR Spectroscopy
Fundamentalsof LIBS Sessions
LIBS I–Monday12thof June–EarlyMorningSession
(09.45–10.15) IL06 Invited Lecture: Christian G. Parigger Measurement of electron temperature and density in laser–
induced hydrogen and laboratory air plasma
(10.15–10.30) OL51–Pawel Gasior, M. Kubkowska, P. Tchorz, E. Kowalska–Strzeciwilk, Inter–pulse delay influence on
the plasma expansion dynamics in DP–LIBS investigation of a graphite sample in vacuum
(10.30–10.45) OL52–César Alvarez–Llamas, R.l Á. García, J. Pisonero, N. Bordel Use of CaF molecular emission to
improve the analytical capabili–ties for fluorine detection by LIBS
LIBS II–Monday12thof June–LateMorningSession
(11.15–11.45) KL05–Keynote Lecture: Jörg Hermann Characterization of laser–produced plasmas
(11.45–12.00) OL54–Gianpiero Colonna, A. Laricchiuta, L. D. Pietanza Modeling plasma heating by fs laser pulse
(12.00–12.15) OL55–(IBSEN)–Thomas P. Rasmussen Ultra compact high resolution OEM spectrometers for LIBS
(12.15–12.30) OL56–Vyacheslav Lebedev LIBS system on the basis of Nd:YAG laser with multiloop cavity self–Q–
switched by external plasma mirror
(12.30–12.45) OL57–Ali Safi, G. Cristoforetti, S. Legnaioli, V. Palleschi, S. H. Tavassoli, E. Tognoni New procedure for
verification of Local Thermodynamic Equilibrium (LTE) in Laser–Induced Breakdown Spectroscopy
LIBS III–Monday12thof June–AfternoonSession
(14.45–15.15) KL06–Carlos Aragón, J. A. Aguilera Analysis of aluminum alloys by CSigma laser–induced breakdown
spectroscopy
(15.15–15.30) OL58–Yousfi Houssyen, A.–M. Samira, O. Ourida A Comparative Study of Carbon Plasma Emission in
Methane and Argon Atmosphere
(15.30–15.45) OL59–Yoshihiro Deguchi, Z. Wang, M. Cui, Y. Fujita, R. Liu, J. Yan Improved Detection Ability Using
Collinear Long and Short DP–LIBS
(15.45–16.00) OL60–Zeyad T. Alwahabi, S. J. Chen, A. Iqbal, C. Fumeaux Near–Field Applicators for Efficient
MicrowaveAssisted Laser–Induced Breakdown Spectroscopy
(16.00–16.15) OL61–Yaser Nosrati Ghods, S. H. Tavassoli Effect of Laser Pulse Energy and Delay Time in Double–Pulse
on laser ablation and Plasma Radiation: Modeling and Numerical Simulation
LIBS IV–Tuesday15thof June–EarlyMorningSession
(09.15–09.45) KL13–Igor Gornushkin, A. Kazakov, R. Glaus, L. Nagli, U. Panne Model of Stimulated Emission in
Aluminum Laser–Induced Plasma Produced by Resonance Pumping
(09.45–10.00) OL126–Irene Maria Carrasco–García, J. M. Vadillo, J. Laserna Wavelength Dependence of Surface
Transformations in Femtosecond Laser Ablation of Metallic Thin–Films
(10.00–10.15) OL127–Thomas Dietz, M. Wolnitza, P. Kohns, G. Ankerhold Reactive molecular dynamic simulations to
investigate molecular formation in laser–induced plasmas
(10.15–10.30) OL128–Ben Delaney, P. Colley, T. J. Kelly, E. T. Kennedy, J. T. Costello Determination of Detection
Limits of Trace Elements in Aluminium Using Stagnation Layers
(10.30–10.45) OL129–Alexander Kramida, K. Olsen, Y. Ralchenko A new interactive interface to the NIST Atomic
Spectra Database for LIBS spectra simulation and diagnostics
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GeologicalApplicationsSessions
GeoI–Monday12thof June–AfternoonSession
(14.45–15.15) IL05 Invited Lecture: Russell S. Harmon LIBS in the Earth Sciences–Recent Applications and Current
Perspectives
(15.15–15.30) OL47–David R. Day Lithium Brine Analysis to PPM Levels using Hand Held LIBS
(15.30–15.45) OL48–Rim Alrifai, C. Koral, M. Dell’Aglio, M. Torelli, A. De Giacomo Non–Invasive Elemental Analysis of
Gemstones by Nano Particle Enhanced Laser Induced Breakdown Spectroscopy
(15.45–16.00) OL49–Timur Akhmetzhanov, A. M. Popov, Sergey M. Zaytsev, T. A. Lavtin Quantification of Fe/Mn
ratio in iron–manganese nodules by CF–LIBS
(16.00–16.15) OL50–Stefano Pagnotta, S. Raneri, M. Lezzerini, M. Tamponi, B. Campanella, E. Grifoni, S. Legnaioli,
G. Lorenzetti, F. Poggialini, V. Palleschi Accuracy and precision improvement of Laser Induced Breakdown Spectroscopy
(LIBS) by geostandards
GeoII–Tuesday13thofJune–EarlyMorningSession
(09.15–09.30)OL94–SaaraKaski,T. Niilahti, H. Häkkänen, S.Romppanen Classificationofsulfur mineralsinvacuum ultravioletandnear–
infraredspectralregionRichardHark–AnalysisofColumbite–TantaliteUsingHandheldLIBS
(09.30–09.45)OL95–Richard R.Hark, M. A. Wise, R. S. Harmon, C. S. Throckmorton, A. M. Somers, L. M. Collins Analysis of Columbite–
TantaliteUsingHandheldLIBS
(09.45–10.00)OL96–GiorgioSenesi, B. Campanella, E. Grifoni, S. Legnaioli, G. Lorenzetti, S. Pagnotta, F. Poggialini, V. Palleschi, O. De
Pascale Three–dimensionalcompositionalmapping oflimestonebydouble–pulsemicro–laser–inducedbreakdown
(10.00–10.15) OL97–Susanne Schröder, K. Rammelkamp, D. Vogt, A. Cousin, O. Forni, S. Maurice, S. Clegg, R. Wiens, H. Heinz–
Wilhelm ImprovingSulfurDetectioninMartianTargetswithtime–resolvedLIBS
(10.15–10.30) OL98–Simona Raneri, G. Barone, P. Mazzoleni, M. Lezzerini, B. Campanella, E. Grifoni, Stefano Legnaioli, G. Lorenzetti,
S. Pagnotta, F. Poggialini, V. Palleschi, U. Longobardo Laser Induced Breakdown Spectroscopy (LIBS) for gemological testing: the case of
corundum gems
(10.30–10.45) OL99–Russell S. Harmon, R. R. Hark, Chandra S. Throckmorton, J. J. Gurney, A. H. Downey, A. M. Somers, L. M. Collins
HandheldLIBSasaFieldToolforDiamond Exploration–AnalysisofKimberliteMinerals
GeoIII–Thursday15thof June–EarlyMorningSession
(09.15–09.45) IL13 Invited Lecture: Mohamad Sabsabi, P. Bouchard, A. Harhira, J. El Haddad, K. Rifai, F. Vanier, A.
Moreau, A. Blouin New Horizons in LIBS and Challenges for its Implementation in the Mining Industry
(09.45–10.00) OL183–Kristin Rammelkamp, D. S. Vogt, S. Schröder, H.–W. Hübers Investigation of Normalization
Methods using Plasma Parameters for Laser Induced Breakdown Spectroscopy (LIBS) under simulated Martian Conditions
(10.00–10.15) OL184–Jens Frydenvang, O. Forni, A. Cousin, R. C. Wiens, N. Mangold, O. Gasnault, S. Maurice and
the ChemCam Team Laser Induced Breakdown Spectroscopy (LIBS) for gemological testing: the case of corundum gems
(10.15–10.30) OL185–Mauana Schneider, M.–D. Huang, H. Becker–Ross, B.Welz..A.new.approach.for.arsenic.de-
er ina ion . irec .ana sis.of.so id.soi .sa p es. . - . -AA
(10.30–10.45) OL186–Michael I. Oshtrakh, A. A. Maksimova, A. V. Chukin, I. Felner, G. A. Yakovlev, V. A. Semionkin
Characterization of NWA 6286 and NWA 7857 Ordinary Chondrites Using X–Ray Diffraction, Magnetization
Measurements and Mössbauer Spectroscopy
Coal and Steel Analysis Sessions
Tuesday13thof June–LateMorningSession
(11.15–11.45) IL11 Invited Lecture: Zhe Wang, Z. Hou, Z. Li, W. Ni, H. Yin, Y. Fu, T. Li A set of quantification method
for coal analysis using laser–induced breakdown spectroscopy
(11.45–12.00) OL130–Johannes D. Pedarnig, S. Eschlböck–Fuchs, R. Rössler, C. M. Ahamer, L. Birklbauer, N. Huber,
Analysis of metallurgical slags in steel production by calibration–free laser – induced breakdown spectroscopy
(12.00–12.15) OL131–Guy Monfort, G. Moréas Strategies for the LIBS on–line analysis of transition billets in continuous
casting machines
(12.15–12.30) OL132–M.C. Cui, Y. Deguchi, Z. Z. Wang, Y. Fujita, R. W. Liu Dynamics and Parameters of Plasma
Generated by Long and Short Dual Pulses Laser Interacting with Steel Sample
(12.30–12.45) OL133–Volker Sturm, C. Meinhardt, R. Fleige, C. Fricke–Begemann, J. Eisbach Fast Identification of
Steel Bloom Composition at a Rolling Mill by LIBS Elemental Analysis
(12.45–13.00) OL134–(SCIAPS)–David R. Day, B. Connors, J. van Run Recent Developments in Handheld LIBS and
New Applications in Steel Analysis
(13.00–13.15) OL135–Nomvano Mketo, P. N. Nomngong0, J. C. Ngila Trace–metal Mobility in Coal Samples using
Multivariate Optimised Microwave Based Sequential Extraction Method prior to Spectrometric Determination
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LIBS imagingSession
Tuesday13thof June–LateMorningSession
(15.00–15.30) KL14 Keynote Lecture: V. Motto–Ros, F. Pelascini Elemental imaging by LIBS: recent advances and
remaining challenges
(15.30–15.45) OL136–(ELEMISSION)–Francois Doucet LIBS Imaging of Drill Core Samples for the Mining Exploration
(15.45–16.00) OL137–Cassian Gottlieb, T. Günther, S. Millar, N. Sankat, G. Wilsch Influence of grain sizes on the
quantification of LIBS measurements in concrete
(16.00–16.15) OL138–Violeta Lazic, A. Palucci, M. Nuvoli, M. Pistilli, I. Menicucci, F. Colao, L. De Dominicis, S.
Almaviva Integrated Laser Sensor (ILS) for characterization and extended mapping of remote targets
(16.15–16.30) OL139–Morris J. J. Weimerskirch, T. O. Nagy, A. Giesriegl, U. Pacher, W. Kautek LIBS–Stratigraphy of
protective coatings: Investigations on the wavelength dependence of the ablation rate in metals
(16.30–16.45) OL140–Pavel Pořízka, J. Klus, D. Prochazka, J. Vrábel, J. Novotný, J. Kaiser Advances in direct
utilization of echellograms in LIBS analysis
LIBS & Raman Session
Tuesday13thof June–LateAfternoonSession
(11.15–11.45) KL10 Keynote Lecture: S. Michael Angel, P. Barnett, A. Allen Miniature Spatial Heterodyne
Spectrometers for Remote LIBS and Raman Spectroscopy
(11.45–12.00) OL100–(B&W TEK)–Ken Li NanoLIBS and its applications
(12.00–12.15) OL101–Sergey G. Pavlov, J. Alsemgeest, S. Schröder, U. Böttger, I. Weber, A. Greshake, H.–R. Knöfler,
U. Altenberger, H. W. Hübers Laser–ablation alteration of iron sulfides studied at different simu–lated planetary
conditions by Raman spectroscopy
(12.15–12.30) OL102–Bobby Bhatt, A. Dehayem– Massop, K. H. Angeyo Nuclear Forensics Analysis by Combined LIBS
and Raman Spectrometry
(12.30–12.45) OL103–(AVANTES)–Klaas Otten Avantes spectrometers for LIBS and Raman applications
(12.45–13.00) OL104–Vasily N. Lednev, P. A. Sdvizhensky, M. Ya. Grishin, A. N. Fedorov, S. M. Pershin Combining
Raman and Laser Induced Breakdown Spectroscopy by Double Pulse Lasing
Industrial Application Sessions
IndustrialI–Tuesday13thof June–EarlyMorningSession
(09.15–09.45) IL07 Invited Lecture: Asmaa El hassan, S. M. Aberkane , K. A. Elsayed, T. Kayed A comparative study of 
LIBS Quantitative analysis of Al alloy using artificial neural networks and calibration methods
(09.45–10.00) OL62–Elise François, O. Gazeli, S. Couris, G. Angelopoulos, A. Malfliet, B. Blanpain Non–ferrous slag
analysis using Laser–Induced Breakdown Spec–troscopy (LIBS)
(10.00–10.15) OL63–Maurice Brogly, D. Fischer, S. Bistac FTIR PM–IRRAS Spectroscopy and AFM Investigations of
Poly–mer and Copolymer Thin Films Adsorbed on Metal Substrates
(10.15–10.30) OL64–Sven Connemann, C. Fricke–Begemann, R. Noll, H. Knapp, L. Horckmans, F. Bouillot, C.
Gehlen, A. Ducastel, A. Stark Automated LIBS sorting system for spent refractories from the steel industry for high–value
recycling
(10.30–10.45) OL65–Shuzo Eto, T. Fujii Rapid Measurement system for concrete sample by using laser–induced
breakdown spectroscopy
IndustrialII–Tuesday13thof June–LateMorningSession
(11.15–11.45) KL07–Sergey M. Pershin, V. N. Lednev Three Decades of Double–pulse LIBS: from the first steps in 1987
to modern industry applications
(11.45–12.00) OL66–Stanislaw Piorek Performance Comparison of Handheld LIBS Analyzer with that of Handheld XRF
Analyzer in Composition Analysis and Grade Identification of Metallic Alloys
(12.00–12.15) OL67–(SHIMADZU)–Jan Knoop Automated contaminant analysis by FTIR microscope
(12.15–12.30) OL68–Sami Ul Haq, H. Shakeel, G. Aisha, A. Nadeem Quantitative analysis of Al–Si alloy using
calibration free laser induced breakdown spectroscopy (CF–LIBS)
(12.30–12.45) OL69–Syedah Sadaf Zehra, J. Costello, P. Hayden Time resolved VUV LIBS for thin film depth profiling
(12.45–13.00) OL70–Héctor Morillas, C. García–Florentino, M. Maguregui, I. Marcaida, U. Balziskueta, J. M.
Madariaga Evaluation of deterioration processes on bricks exposed to indus–trial–marine environments using field and
laboratory analytical methods
(13.00–13.15) OL71–Sebastian Breithaupt, B. Klie, U. Giese Surface vs. Core analysis of synthetic rubber samples and
the influence on the ablation efficiency using LIBS
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IndustrialIII–Tuesday13thof June–AfternoonSession
(15.00–15.15) OL72–Cord Fricke–Begemann, S. Connemann, F. Schreckenberg, R. Noll LIBS for identification and
localization of valuable materials in electronic waste
(15.15–15.30) OL73–(LTB)–David Mory Recent improvements of Echelle spectrographs toward industrial applications
(15.30–15.45) OL74–Shyama Prasad Banerjee, M. Sentis Laser Induced Breakdown Spectroscopy for monitoring laser
scrib–ing on organic photovoltaic devices




(09.15–09.45) IL08 Invited Lecture: Boris Mizaikoff Towards IR–on–a–Chip: Is Smaller Better?
(09.45–10.15) KL08 Invited Lecture: Paddy Hayden, M. B. Alli, S. S. Zehra Applications of Vacuum Ultraviolet Laser
Induced Breakdown Spectroscopy (VUV–LIBS) in the Analysis of Pharmaceuticals.
(10.15–10.30) OL79–Samuel Moncayo, B. Busser, M. Catinon, F. Trichard, M. S. Vincent, F. Pelascini, D. Devismes, N.
Pinel, I. Templier, M. Vincent, V. Bonneterre, J. Charles, L. Sancey, V. Motto–Ros LIBS imaging for supporting medical
diagnoses
(10.30–10.45) OL80–Condon Lau, Elemental analysis of the thyroid by laser induced breakdown spectroscopy
BiomedII–Tuesday13thof June–LateMorningSession
(11.15–11.45) KL09 Keynote Lecture: Alexander A. Kamnev, A. V. Tugarova Microbiological Applications of
Vibrational Spectroscopy: Looking inside through the Cell Wall
(11.45–12.00) OL81–Muhammad B. Alli, P. Hayden Vacuum Ultraviolet Laser Induced Breakdown Spectroscopy
(VUV–LIBS) For Pharmaceutical Analysis
(12.00–12.15) OL82–Paolo Armanetti, C. Avigo, A. Flori, L. Menichetti The Photoacoustic effect in the field of
biomedicine: Imaging, multi–spectral analysis in biomedical applications
(12.15–12.30) OL83–Alessandra Gianoncelli, M. Altissimo, D. E. Bedolla, G. Kourousias Recent achievements in Life
Sciences of the TwinMic soft spectromicroscopy beamline at Elettra
(12.30–12.45) OL84–Noureddine Cheriet, A. Boutenfouchet,.S. M. Aberkane, S. Abdelli–Messaci, S. Bouzid, A.
Dahdouhf Discrimination of lithiasic components in kidney stones using laser induced breakdown spectroscopy
(12.45–12.30) OL85–Zhuoyong Zhang, Q. Wu, X. Zhang, Y. Zhang, Y. Liao Characterization of Chiral Drugs by Using
Terahertz Time-Domain Spectroscopy
BiomedIII–Tuesday13thof June–AfternoonSession
(15.00–15.15) OL87–Thomas Signour, L. Duponchel Air Bio–Monitoring: a new protocol for cultureless bacteria identifi–
cation by combining genomic analysis and Raman spectroscopy
(15.15–15.30) OL88–Fiorella Iaquinta, C. Álvarez, P. Pizzorno, M. Pistón, A. Cousillas, N. Mañay Determination of As,
Hg, Mn and Pb in hair using atomic absorption spectrometry as biomarkers of exposure for health risk assessment.
(15.30–15.45) OL89–Viktor Kanicky, M. V. Galiova, M. Hola, T. Vaculovic Laser ablation inductively coupled plasma
mass spectrometry in elemental imaging of selected mineral and biological samples
(15.45–16.00) OL90–Hudson Angeyo Kalambuka, D. Musyoka, A. Dehayem, K. Kaduki Rapid Malaria Diagnostics via
Peak–Free LIBS of Blood
(16.00–16.15) OL91–Alessandra Flori, G. Giovannetti, M. F. Santarelli, V. Positano, G. D. Aquaro, L. Landini, L.




(15.00–15.15) OL106–Zuzana Morávková Model of the interaction of polypyrrole with organic dyes and its influence on
polypyrrole morphology – vibrational spectroscopy study
(15.15–15.30) OL107–Eraldo Luiz Lehmann, M. A. Zezzi Arruda Mass–charge shift ratio to increase accuracy through
oxide for–mation of Mn, Ni and Fe focusing on their determinations by ICP–MS
(15.30–15.45) OL108–Ana Guilherme Buzanich, A. Kulow, S. Beyer, M. Radtke, U. Reinholz, H. Riesemeier S2XAFS:
Time–resolved X–ray absorption spectroscopy in a ‘single–shot’ – First in situ applications
(15.45–16.00) OL109–Tiina Virtanen, S.–P. Reinikainen, J. Lahti, M. Mänttäri, M. Kallioinen Application of principal
component analysis model for real–time monitoring membrane fouling
(16.00–16.15) OL110–Xin Zhang, L. Huang, Y. Liao, Z. Zhang Fingerprint Identification of Inorganic Compounds Using
Te–rahertz Time–Domain Spectroscopy
(16.15–16.30) OL111–Ali Reza Berenji, S. F. Tayyari, M. Vakili, S. Soltani–Ghoshkhaneh Structure, Vibrational
Analysis and Intramolecular Hydrogen Bond Strength of Some 4–Amino–3–Penten–2–One Derivatives
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Materials II–Wednesday14thof June–EarlyMorningSession
(09.15–09.30) OL141–Y.–B. Jiang, Qian Zhang, D.–D. Tao, D. Liu, N. Chen, Q. Wang, Z. Li Innovations in Spectral
Sensing Exploring Ag+ Coordination Polymers Facilitated by Ag+–Ag+ Interactions
(09.30–09.45) OL142–Belgin Genc Oztoprak, E. Akman, O. Koban, M. O. Bora, A. Demir Analysis of Laser Treated
CFRP Surfaces by Laser–Induced Breakdown Spectroscopy
(09.45–10.00) OL143–Walter Giurlani, A. Lavacchi, A. Giaccherini, F. Di Benedetto, G. Montegrossi, S. Freschi, F.
D’Acapito, M. Innocenti An innovative spectroscopic technique for the study of palladium behvaior in Alkaline Fuel Cells
(10.00–10.15) OL144–Roman J. Jedrzejczyk, P. Jodlowski, D. Chlebda, A. Dziedzicka New sonochemically assisted
synthesis of structured non–noble catalyst for methane and VOCs combustion
(10.15–10.30) OL145–Tomasz Runka, K. Olszewska, P. Fertsch, A. Lapinski, I. Jastrzebska, R. Santillan, N. Farfán
Raman spectroscopy characterization of cyclic/acyclic molecular rotors
Speciation Session
SpeciationTuesday13thof June–AfternoonSession
(15.00–15.30) IL10 Invited Lecture: Joanna Szpunar Spectrometric tools for selenium speciation: oxidation states,
metabolites, proteins and nanoparticles
(15.30–16.00) KL12 Keynote Lecture: Ryszard Lobinski, L. Ouerdane, Probing for metal–ligand interactions and
analysis for non–covalent metal complexes in bacteria and plants using chromatography with dual ICP MS and
electrospray FT MS detection
(16.00–16.15) OL123–Tomáš Matoušek, Z. Wang, C. Douillet, S. Musil, M. Stýblo Direct Speciation Analysis of Arsenic
in Whole Blood and Blood Plasma at Low Exposure Levels by Hydride Generation– Cryotrapping–ICP–MS: A New Trick of
an Old Dog
(16.15–16.30) OL124–Luthando Nyaba, P. N. Nomngongo Speciation of inorganic selenium in environmental samples
after suspended dispersive solid phase microextraction combined with inductively coupled plasma spectrometric
determination
(16.30–16.45) OL125–Agnieszka Nawrocka, M. Durkalec, M. Kmiecik, A. Posyniak Speciation Analysis of Arsenic
Compounds in Marine Samples
Atomic Spectrometry Session
AtomSpect Wednesday14thof June–LateMorningSession
(11.00–11.45) KL15 Keynote Lecture: Margaretha de Loos–Vollebregt, G. Grindlay, R. Serrano, J. Mora The role of
charge transfer in matrix–induced non–spectral interferences in inductively coupled plasma atomic emission and mass
spectrometry
(11.45–12.00) OL147–Daniel L. G. Borges, J. S. de Gois, T. S. de Almeida New Findings on the Direct Analysis of Solid
Samples Using Atomic and Inorganic Mass Spectrometry
(12.00–12.15) OL148–Zhenli Zhu, C. Yang, D.He, H. Zheng Development of a Battery–Operated, Portable Atomic
Emission Ana–lyzer for Elemental Analysis Based on Atmospheric Pressure Glow Discharge Excitation Source
(12.15–12.30) OL149–(AGILENT)–Paolo Scardina, Removing interferences with the MS-MS technology in triple
quadrupole ICP-MS to improve the analytical detection of inorganic nanomaterials
(12.30–12.45) OL150–Rocío Muñiz, L. Lobo, T. Kerry, C. Sharrad, R. Pereiro Quantitative depth profile analysis of rare
earth elements in corrod–ed steel by glow discharge – time of flight mass spectrometry
(12.45–13.00) OL151–Ilknur Durukan Temuge, Ç. A. Şahin, S. Bektaş Ligandless Extraction of Trace Amount of Lead
Ion by Solidified Floating Organic Drop Microextraction and Determination by Atomic Absorption Spectrometer
(13.00–13.15) OL152–(ATOMTRACE)–Jakub Klus, O. Beňuš, J. Novotný, D. Prochazka, P. Pořízka, J. Kaiser
AtomAnalyzer: new dimension in spectral data analysis
ProteomicsSession
ProteomicsWednesday14thofJune–EarlyMorningSession
(09.15–09.45) IL12 Invited Lecture: Rainer Bischoff, T. Zhang, F. T. G. van den Brink, M. Odijk, H. P. Permentier
Electrochemical, site–specific peptide bond cleavage as a novel ap–proach in protein analysis
(09.45–10.15) KL16 Keynote Lecture: Qiuquan Wang, Y. Liang, C. Liu, N. Tang, L. Yang Metal–Tagging Strategy for
Bioanalysis: Quantification of Protein Biomarkers and Counting Cells
(10.15–10.30) OL153–Rosario Pereiro, M. C. Alonso, B. Fernández, H. Traub, L. Álvarez, H. G. Igle–sias, N.
Jakubowski Bioimaging of proteins in biological tissue sections by LA–ICP–MS using bioconjugated gold nanoclusters
(10.30–10.45) OL154–Sara Rodríguez–Menéndez, H. González, B. Fernández, M. García, L. Álvarez, M. Coca–
Prados, R. Pereiro Comprehensive quantitative study of Zn and Metallothioneins in eye tissue sections and cultured cells
by mass spectrometry–based methodologies
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Fuels Session
FuelsWednesday14thof June–EarlyMorningSession
(09.15–09.45) KL20 Keynote Lecture: Érico Marlon de Moraes Flores Feasible Sample Preparation Methods for further
Rare Earth Elements Determination
(09.45–10.00) OL163–Przemyslaw Jodłowski, R. J. Jędrzejczyk, D. Chlebda, M. Gierada, J. Łojewska In situ
spectroscopic studies of methane catalytic combustion over Co, Ce and Pd mixed oxides deposited on a steel surface.
(10.00–10.15) OL164–Carlos Sánchez–Rodriguez, C.–P. Lienemann, F. Vanhaecke, J.–L. Todolí Determination of
metals and metalloids in bioethanol samples using a total sample consumption system coupled to ICP techniques
(10.15–10.30) OL165–Zofia Kowalewska, Ł. Gościniak, J. Pilarczyk Feasibility of high resolution continuum source
flame molecular absorption spectrometry for Si determination in organic solutions via SiO molecule absorption
Liquid Analysis Session
Liq.AnalysisWednesday14thof June–EarlyMorningSession
(09.15–09.45) KL22 Keynote Lecture: Montserrat Hidalgo Analysis of liquid samples: a great challenge for LIBS
(09.45–10.00) OL173–Mayo Villagrán–Muniz, O. G. Miranda, T. García–Fernández, F. Bredice, C. Sánchez–Aké Study
of laser ablation of water droplets with gold nanoparticles
(10.00–10.15) OL174–Şerife Yalçın, N. Aras, Investigating silicon wafer based substrates for ultra–trace determi–nation
of metal solutions: Dry droplet analysis by LIBS
(10.15–10.30) OL175–Francisco Ruiz, L. Ripoll, M. Hidalgo, A. Canals Solid phase microextraction (SPME) using
carbon–based screen–printed electrodes combined with LIBS technique detection for sensitive elemental analysis
(10.30–10.45) OL176–Laura Ripoll, F. Ruiz, A. M. Hidalgo, A. Canals, S. Legnaioli, V. Palleschi Evaluating the use of




(11.00–11.45) KL17 Keynote Lecture: Jun Kawai Fabrication and Falsification in XRF, ICP–AES, HG–AAS and GC–MS in
Forensic Analyses in Forensic Analyses in Japan
(11.45–12.15) KL18 Keynote Lecture: Luigia Sabbatini, G. Germinario, S. Garrappa, I. D. van der Werf, A.Mirabile An
integrated multi analytical approach for the investigation of modern inks
(12.15–12.45) KL19 Keynote Lecture: Israel Schechter Detection and Mapping of Trace Materials on Surfaces Under
Ambient Conditions using Multiphoton Electron Extraction Spectroscopy (MEES) and Comparison to Traditional
Spectroscopies
(12.45–13.00) OL155–Jun–Ho Yang, J. J. Yoh Separation of Overlapping Latent Fingerprint using Laser–Induced
Breakdown Spectroscopy Combined with Multivariate Analysis
(13.00–13.15) OL156–Marek Kotrlý, R. Šefců Analysis techniques for multicomponent samples in forensic fields
Vapor Generation & Sample Introduction TechniquesSession
VaporGenerationWednesday 14thof June–LateMorningSession
(11.15–11.45) KL21 Keynote Lecture: Jiří Dědina, J. Kratzer, A. Obrusník, M. Talába, P. D. Hydride Atomizers for
Atomic Absorption and Atomic Fluorescence Spectrometry – New Horizons
(11.45–12.00) OL167–Enea Pagliano, Recent developments in the determination of inorganic anions by gas
chromatography mass spectrometry
(12.00–12.15) OL168–Jan Kratzer, S. Musil, M. Svoboda, J. Dědina Dielectric Barrier Discharge Atomizers of Volatile
Species for Atomic Spectrometry: Applications and Mechanisms
(12.15–12.30) OL169–Karel Marschner, S. Musil, J. Dědina Cleavage of As–C Bond during Chemical Hydride Generation
(12.30–12.45) OL170–Jürgen Schram, J. Schlag, S. Reichenberger, G. Marzun, S. Barcikowski Pulsed Laser Ablation in
Liquids as Digestion Method for Inductively Coupled Plasma Optical Emission Spectroscopy
(12.45–13.00) OL171–Kazuaki Wagatsuma, Y. Toya, T. Itagaki Correlation between Gas Temperature and Atomization




(11.00–11.45) KL23 Keynote Lecture: Jean–Baptiste Sirven, M. El Rakwe Experimental designs in LIBS
(11.45–12.00) OL177–Praveen Devangad, V. K. Unnikrishnan, M. Yogesha, M. M. Tamboli, K. M. Muhammed
Shameem and C. Santhosh Support vector machines for the classification and quantification of borosilicate glass samples
using Laser Induced BreakdownSpectroscopy (LIBS)
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(12.00–12.15) OL178–Euiseok Hwang, H. Jang, S. Shin, S. Jeong Likelihood based Compressive Spectrum Processing
for Classifica–tion of Same–base Alloys by Laser–induced Breakdown Spectroscopy
(12.15–12.30) OL179–Onkangi Nyairo Joshua, M. David, K. H. Angeyo Utility of Machine–Learning Enabled LIBS in
Forensic Analysis of High Level Nuclear Waste
(12.30–12.45) OL180–Daniel Diaz, D. W. Hahn, A. Molina Application of Conditional Analysis to the Quantification of
Au in Ores by Laser–Induced Breakdown Spectroscopy
Clinical and PharmaSessions
Pharma I–Thursday15thof June–EarlyMorningSession
(09.15–09.45) IL19 Invited Lecture: Rosalba Gaudiuso, N. Melikechi, E. Ewusi-Annan Cancer Diagnosis using LIBS and
Machine Learning Tools: Progress and Challenges.
(09.45–10.00) OL205–Yong Liang, L. Yang, Q. Wang ICPMS-Based Quantitative Analysis of Glyco-PTMs via
Metabolism-Mediated and Clickable Lanthanide-Tagging Strategy
(10.00–10.15) OL206–Francesca G. Bellagambi, T. Lomonaco, S. Ghimenti, V. Barletta, A. D’Agostino, D. Biagini, M.
Marzilli, M. G. Trivella, F. Di Francesco, R.Fuoco Determination of biomarkers in oral fluid for monitoring heart fail-ure
patients
(10.15–10.30) OL207–Marcia F. Mesko,.V..C..Costa,.D..La.Rosa.Novo,.R..Mendes.Pereira,.L..S..Fagundes.Pereira,..R..
Sogari.Picoloto,.Determination.of.Cd.and.Pb.in.Creamy,.Opaque.and.Shimmering.Lipstick.by.ICP-MS
.
Pharma II–Thursday 15thof June–LateMorningSession
(11.15–11.30) OL209–Joanna Chwiej, M. Palczynska, A. Skoczen, K. Janeczko, C. Sandt, R. Simon, Z. Setkowicz The
use of X-ray fluorescence and FTIR microspectroscopy for the highly spatially resolved analysis of elemental and biochemi-
cal changes occurring in the hippocampal formation during postnatal brain development
(11.30–11.45) OL210–Irina V. Alenkina, A. Kumar, A. L. Berkovsky, M. I. Oshtrakh Comparative Analysis of the Heme
Iron Electronic Structure and Stereochemistry in Tetrameric Rabbit Hemoglobin and Monomeric Soybean Leghemoglobin
a Using Mössbauer Spectroscopy with a High Velocity Resolution
(11.45–12.00) OL211–Gul Sirin Ustabasi, S. Akman, A. Baysal Distribution of trace elements in tobacco and shisha
products in Turkey and accumulation on their smoke
Pharma III–Thursday 15thof June–AfternoonSession
(14.15–14.45) KL27 Keynote Lecture: Fabio Di Francesco, B. Melai, N. Calisi, A. Kirchhain, F. Vivaldi, R. Fuoco, P.
Salvo Flexible and disposable sensors based on graphenic materials for wound monitoring
(14.45–15.00) OL214–Sofia Pessanha, J. Silveira, F. Chasqueira, J. Godinho, A. Mata, M. L. Carvalho Non-destructive
spectroscopic techniques applied to dentistry re-search
(15.00–15.15) OL215–Tommaso Lomonaco, S. Ghimenti, F. G. Bellagambi, D. Biagini, V. Barletta, A. D’Agostino, D.
Morrone, M. Marzilli, M. G. Trivella, F. Di Francesco, R. Fuoco Determination of volatile organic compounds in human
breath for monitoring heart failure patients
(15.15–15.30) OL216–Sungho Jeong, Y. Moon, J. H. Han, J.-H. Choi Detection and Mapping of Cutaneous Melanoma
Using Laser Induced Breakdown Spectroscopy
(15.30–15.45) OL217–Sanja Živković, M. Momcilovic, J. Savovic Application of TEA CO2 LIBS for Elemental Analysis of
Powdered Biological Samples
(15.45–16.00) OL218–Natalia Miliszkiewicz, S. Walas, A. Tobiasz, E. Grygo-Szymanko, D. Dudek-Adamska
Comparison of selected calibration approaches in LA-ICP-MS studies of Mg and Zn distribution in rat brain tissue
Underwater LIBS Session
UnderwaterLIBSThursday15thof June–EarlyMorningSession
(09.15–09.45) KL28 Keynote Lecture: Tetsuo Sakka, A. Kawasaki, T. Honda, A. Matsumoto, K. Amano, N. Nishi
Chemical reactions in the plasma for quantitative underwater LIBS
(09.45–10.00) OL221–Blair Thornton, T. Takahashi, T. Sakka Reflections on 5 years of LIBS Deployments for Deep–
Sea Research.
(10.00–10.15) OL222–Soichi Yoshino, T. Takahashi, B. Thornton Analysis of underwater long–Pulse LIBS signals using
Artificial Neural Networks
(10.15–10.30) OL223–Marcella Dell’Aglio, M. López–Claros, G. Valenza, A. Santagata, A. De Giacomo, F. J. Fortes, J.
J. Laserna Single and Double pulse laser–induced breakdown spectroscopy of solids in water: effect of hydrostatic
pressure on laser induced plas–ma, cavitation bubble and emission spectra
(10.30–10.45) OL224–Tomoko Takahashi, B. Thornton, Y. Takaya, T. Nozaki, T.Sato, T. Ohki, E. K. Ohki, T. Sakka
Quantitative elemental analysis of water–submerged solids using PLS with temperature segmented database for LIBS
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Fundamentalsof Mass Spectrometry Session
MassSpectThursday15thof June–LateMorningSession
(11.15–11.45) IL14 Invited Lecture: Maria Careri Advances and future trends in desorption electrospray-mass
spectrometry
(11.45–12.15) KL24 Keynote Lecture: Ewa Bulska, A. Konopka, A. Łuciuk, A. Krata, A. Ruszczyńska, B. Wagner, M.
Wojciechowski Certified Reference Materials for Atomic and Molecular Mass Spectrometry
(12.15–12.30) OL187–(PERKIN ELMER)–Chady Stephan, R. Magarini, M. Buonaguidi Trends in Single Particle and
Single Cell ICP-MS Analysis - Signifi-cant Instrument Settings and their Implications on Data Quality
Nano-LIBS Session
NanoLibs Thursday15thof June–AfternoonSession
(14.15–14.45) KL29 Keynote Lecture: Alessandro De Giacomo, C. Koral, R. Alrifai, G. Valenza, R. Gaudiuso, M.
Dell’Aglio, Perspectives of Nanoparticle Enhanced Laser Induced Breakdown: the laser matter interaction under NPs
control
(14.45–15.15) IL20 Invited Lecture: Citlali Sánchez–Aké, T. García–Fernández, M. Villagrán–Muniz, F. Bredice, B. de
la Mora, J. L. Benítez, R. Castañeda–Guzmán Laser–induced nanoparticle formation and its application for LIBS
enhancement
(15.15–15.30) OL225–Alexandre Semerok, S. V. Fomichev Nano–sampling of metals with ultra–short laser pulses
(15.30–15.45) OL226–Francesco Poggialini, B. Campanella, E. Grifoni, S. Legnaioli, G. Lorenzetti, S. Pagnotta, V.
Palleschi Green Synthesis of Silver Nanoparticles and Their Application in the Laser Induced Breakdown Spectroscopy
Technique
(15.45–16.00) OL227–Ashraf M. EL Sherbini, F. H. Alkallas, C. G. Parigger On nanoparticle enhanced laser–induced
emission spectroscopy
(16.00–16.15) OL228–Kemal Efe Eseller, M. S. Topcu, A. Ceylan, B. Sezer, G. Bilge, I. H. Boyacı Development of a
New Method for Structural Analysis Of Ge Nano–particles Embedded ZnO Thin Films By Laser Induced Breakdown
Spectroscopy




(14.15–14.45) IL15 Invited Lecture: Vincenzo Barone The Virtual Multifrequency Spectrometer: status and perspectives
of an undergoing project
(14.45–15.15) IL16 Invited Lecture: Stanislav Záliš, M. Pižl, A. Vlček Jr. Quantum Chemical Interpretation of Spectral
Properties of Organometallic Complexes in Ground, Excited and Different Redox States.
(15.15–15.30) OL188–Alberto Baiardi, J. Bloino, Vincenzo Barone Accessible accurate simulation of vibrational and
electronic spectra of medium-to-large molecular systems: the virtual spectrometer
(15.30–15.45) OL189–Lorenzo Pardini, S. Löffler, G. Biddau, R. Hambach, U. Kaiser, C. Draxl, P. Schattschneider
Mapping Atomic Orbitals with the Transmission Electron Microscope: Images of Defective Graphene Predicted from First-
Principles Theory
(15.45–16.00) OL190–Laura Zanetti-Polzi, I. Daidone, A. Amadei Modeling amide I infrared spectra of proteins:
insights from a perturbative approach
(16.00–16.15) OL191–Mauro Guerra, J. M. Sampaio, F. Parente, J. P. Marques, P. Indelicato, J. P. Santos High
accuracy simulation of XRF spectra of transition metals




(14.15–14.45) IL17 Invited Lecture: Madhavi Martin, B. Bennett, E. Garlea Evaluation of corrosion on materials at the
Y–12 Nuclear Security Complex using Hand–Held Laser–Induced Breakdown Spectroscopy
(14.45–15.15) IL18 Invited Lecture: Roger C. Martin, M. Z. Martin, J. H. Miller Twenty Years of LIBS at Oak Ridge
National Laboratory: Nuclear Applications and Future Promise
(15.15–15.45) KL26–Francesco Colao, S. Almaviva, L. Caneve, R. Fantoni, V. Lazic, G. Maddaluno, A. Palucci
Development of a LIBS system for applications in Frascati tokamak upgrade
(15.45–16.00) OL202–Kristian Myhre Analysis of Separation Processes for the Production of Radioisotopes Using Laser–
Induced Breakdown Spectroscopy
(16.00–16.15) OL203–Juma Moses Wabwile, K. H. Angeyo, A. Dehayem–Massop Quantitative Raman
Microspectrometry of Ur
(16.15–16.30) OL204–Pavel Veis, M. Anguš, J. Miškovičová, M. Suchoňová Simultaneous echelle broadband and high
resolution OES study for CF LIBS analysis of W–based materials in thermonuclear fusion
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PP1 Muhammad Alli Vacuum Ultraviolet Laser Induced Breakdown Spectroscopy (VUV-LIBS) For Pharmaceutical
Analysis M. Alli, P. Hayden
PP2 Andrea Antunes Analysis of the roles of trace elements in malignant breast tumor in canine patients using Energy
Dispersive X-ray Fluorescence (EDXRF) Technique S.S. Sakamoto, A.L. Andrade, M.C.R. Luvizotto, Ferreira G.T.N.M.,
M. Scapin, A. Antunes
PP3 Andrea Antunes Monitoring the incorporation of hydroxyapatite on chitosan scaf-folds using LIBS A. Antunes, J. S.
Cabral, B. Sakamoto, G. Nicolodelli, D. M. B. P.C. Milori, M. F. Raposo
PP4 Pedro Barrulas Local Production or Imported Gods? Multi-analytical Investigations of Archaeological Glazed
Ceramics (XVIth-XVIIIth centuries) from Largo do Jesus, Lisbon P. Barrulas, M. Beltrame, G. Cardoso, A.F. Maurer, J.
Mirão, A. Candeias
PP5 Rainer Bischoff Bioconjugated supramolecular exo-functionalized palladium cages to peptides for biomedical
applications J. Han, A. Schmidt, H. P. Permentier, R. Bischoff, P. Horvatovich, A.Casini
PP6 Rainer Bischoff Catalytic N-dealkylation of Drug Molecules on a Nanoporous Gold Surface T. Yuan, J. Wu, T.
Zhang, P. Rudolf, R. Bischoff, H. Permentier
PP7 Carlo Bottaini Chemical characterization of a collection of metallic oil lamps from Gharb al-Andalus (Southern
Portugal): An in-situ and non destructive approach by handheld X-Ray Fluorescence spectrometer and open source Monte
Carlo simulation code, C. Bottaini, A. Brunetti, J. Mirão, H. Catarino, A. Candeias, R. J. Silva
PP8 Antonio Brunetti Nuragic votive swords from Sardinia (Italy): assessing alloy’s com-position by EDXRF/Monte Carlo
Simulations, A. Brunetti, A. Depalmas, N. Schiavon
PP9 Beatrice Campanella Chemical methodologies for proteins analysis. A focus on conformational studies based on
Fourier Transform Infrared Spectroscopy E. Bramanti, B. Campanella
PP10 Maria-Luisa Carvalho Two paintings, similar gold leaf manufacturing? Nondestructive determination of gold leaf
thickness in panel paintings V. Antunes, V. Serrão, A. Candeias, J. Mirão, M. L. Carvalho, S. Pessanha, N. Fernandes, M.
Manso
PP11 Adolfo Cobo Automatic classification of metal alloys from their LIBS spectra and its robustness against
spectrometer decalibration A. Cobo, A. Picón, M. Martínez, C. López-Sarachaga, Z. Amondarain, J. Miguel López-
Higuera
PP12 Ioana Maria Cortea Degradation assessment of parchment manuscript at macro- and molecular level using an
non-invasive approach I. M. Cortea, L. Ghervase, R. Rădvan, L. Ratoiu
PP13 Mafalda Costa Multi-analytical approach to the study of the European glass beads found in the tombs of the
Church of Kulumbimbi (Angola) M. Costa, P. Barrrulas, M. da Conceição Lopes, J. Barreira, B. Clist, K. Karklins, K.
Bostoen, M. da Piedade de Jesus, S. da Silva Domingos, L. Moens, P. Vandenabeele, J. Mirão
PP14 Damien Devismes Bayesian Naïve Classification for LIBS D. Devismes, F. Pelascini
PP15 Gianni Gallello The source of the building stones from the Sagunto Castle archaeological area and its surroundings
G. Gallello, M. Ramacciotti, M. Lezzerini, E. Hernandez, M. Calvo, A. Morales, A. Pastor, M. De la Guardia
PP16 Esperanza Garcia-Ruiz Use of CaCl for the direct determination of Cl by high-resolution Continuum source graphite
furnace molecular absorption spectrometry E. García-Ruiz, A. Guarda, I. Andrés, M. Aramendía, P. C. do Nascimento,
M. Resano
PP17 Alessandra Gianoncelli Nano-imaging of environmental dust in human lung tissue by Soft X-ray and hard XRF
Microscopy A. Gianoncelli, C. Rizzardi, D. Salomon, V. Canzonieri, L. Pascolo
PP18 María González Cabrera Raman spectroscopy for the characterization of a polychromed marble decorative
revetment from the Alhambra M. González Cabrera, P.A. Arjonilla, M.J. de la Torre López, E. Correa Gómez, R. Rubio
Domene, A.A Domínguez-Vidal, M.J. Ayora-Cañada
PP19 Candace Harris Partial Least Squares Calibration models toward the determination of the LOD in 90Zr and 94Zr
generated by zirconium metallic particles on silica substrates via Laser Ablation Molecular Isotopic Spectroscopy (LAMIS)
C.D. Harris, C. Akpovo, L. E. Johnson, A. C. Stowe
PP20 Niklas Hausmann Archaeological and Climatic data from elemental ratios using rapid analysis of shell carbonate
with LIBS N. Hausmann, P. Siozos, D. Anglos
PP21 Alexander A. Kamnev Methodological Effects in FTIR Spectroscopy: Implications for Structural Analyses of
Biopolymers A. A. Kamnev, Y. A. Dyatlova, A. V. Tugarova
PP22 Albert Kéri LA-ICP-MS examination of mummy hair strands from the archeo-logical artifacts found in the
Dominican Church in Vác, Hungary J. Balázs, G. Pálfi, I. Szikossy, Á. Braun, A. Kéri, G. Galbács
PP23 Rezida Khramchenkova Research of Islamic Enamel Glass from Excavations at Bolgar Settlement (Russia) R.
Khramchenkova, A. Gubaidullin, R. Sharifullin, E. Nujdin
PP24 Jakub Klus Evaluation of ensemble classification methods in laser-induced breakdown spectroscopy measurements
J. Klus, P. Pořízka, D. Prochazka, J. Novotný, K. Novotný, A. Hrdlička, J. Kaiser
PP25 George Kourousias Simulation of Artefacts in X-ray Florescence Microscopy Based on Sample Topography F. Billè,
G. Kourousias, A. Gianoncelli
PP26 Violeta Lazic Characterization of pigment compositions by LIBS beyond limits of XRF and PIXE techniques V.
Lazic, R. Fantoni, M. Vadrucci
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PP27 Roberta G. Leitão Multielemental mapping by scanning synchrotron x-ray fluorescence in tumor human cells
prostatic supplemented with zinc K. M. J. Rocha, R. G. Leitão, E. G. Oliveira Barros, M. Aparecida Oliveira, C. G. L.
Canellas, M. J. Anjos, L. E. Nasciutti, R. T. Lopes
PP28 Roberta G. Leitão Study of elemental distribution in human prostatic carcinoma cell spheroid culture using
synchrotron radiation based x-ray fluorescence K. M. J. Rocha, R. G. Leitão, E.G. Oliveira-Barros, M. Aparecida Oliveira,
C. G. L. Canellas, M. J. Anjos, L. E. Nasciutti, R. T. Lopes
PP29 Yong Liang Biospecific Metabolism Based and Click Chemistry Mediated Euro-pium Tagging Enable the
Determination of D-Alanine Density of Bacterial Cell Wall Peptidoglycan Layers Using ICP-MS Y. Liang, Q. Wang
PP30 Tommaso Lomonaco On-sorbent derivatization of carbonyl compounds in exhaled breath T. Lomonaco, A.
Romani, S. Ghimenti, M. Onor, D. Biagini, F. G. Bellagambi, F. Di Francesco, R. Fuoco
PP31 Katarzyna Łuczyńska Structure−Spectra Correlations in Anilate Complexes with Picolines K. Łuczyńska, K.
Drużbicki, K. Lyczko, Jan. Cz. Dobrowolski
PP32 Raquel C. Machado Determination of As in complex samples using solid sampling high-resolution continuum
source graphite furnace atomic absorption spectroscopy R. C Machado, M. Aramendia, Ana Rita A. Nogueira, M. Resano
PP33 Ana ManhitaOn the possibilities of Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) for
the determination of heavy metal contamination of osteological remains and ceramics - an archaeometric study A.
Manhita, P. Barrulas, M. da Conceição Lopes, F. Vanhaecke, C. Barrocas Dias
PP34 Marta Manso In situ analysis of paper documents using portable EDXRF setup with triaxial geometry S. Pessanha,
J. M. Sampaio, M. Luisa Carvalho, M. Manso
PP35 Marta Manso Multi-analytical study of foxing stains on paper M. Nunes, C. Relvas, M. Manso, M. L. Carvalho, P.
Barrulas, C. Miguel, A.T. Caldeira, F. Figueira, T. Ferreira
PP36 Konstantinos Marmatakis LIBS-SSI-MS: Simultaneous elemental and molecular analysis of metal containing
biomolecules K. Marmatakis, S. A. Pergantis, D. Anglos
PP37 Maripaz Mateo Laser Induced Breakdown Spectroscopy applied to the evaluation of nanoparticles treatments on
limestones M. Mateo, J. Becerra, A.P. Zaderenko, P. Ortiz, G. Nicolas
PP38 Maripaz Mateo Laser-induced breakdown spectroscopy analysis of Titanium-Niobium coatings generated by laser
cladding for its potential use in orthopedic implants M. Mateo, J. M. Amado, M. J. Tobar, A. Yañez, G. Nicolas
PP39 Takeshi Minami Effect of Gypsum on Sulfur Isotope Ratio of Vermilion Painted on Gypsum Wall T. Minami, E.
Tsantini, K. Takahashi
PP40 Massimo Onor Potentiometric Biosensor for Non-invasive Lactate Determination in Human Sweat M. Onor, S.
Gufoni, T. Lomonaco, S. Ghimenti, F. Sorrentino, E. Bramanti
PP41 Iacopo Osticioli New insights into understanding the optical properties of lead-based white pigments D. Ciofini, I.
Osticioli, A.A Mencaglia, S. Siano
PP42 Lorenzo Pardini The NOMAD (Novel Materials Discovery) Laboratory L. Pardini, C. Draxl, M. Scheffler
PP43 Mariela Pistón LIBS applied to the study of metal archaeological pieces of museum collections in Uruguay L.
Beovide, M. Knochen, M. Pistón
PP44 Eva Pospíšilová Laser-Induced Breakdown Spectroscopy for depth-profile analysis of historical painting model
samples E. Pospíšilová, K. Novotný, J. Kaiser, P. Pořízka, R. Ševčík, D. Hradil, J. Hradilová
PP45 Lucilla Pronti Characterisation of commercial alizarin-based lakes by means of spectroscopic techniques L. Pronti,
J-B. Mazzitelli, M. P. Bracciale, L. Massini Rosati, A. Candida Felici, C. Vieillescazes, M. L. Santarelli
PP46 Ignasi Queralt Total reflection X-ray fluorescence spectrometry as fast analytical technique for human placenta
sample analysis E. Marguí, P. Ricketts, H. Fletcher, A. G. Karydas, A. Migliori, J.J. Leani, M.HidalgoA, Ignasi Queralt,
M. Voutchkov
PP47 Simona Raneri Decorative stones characterization through spetroscopic methods: mosaic tesserae from an
outstanding late Roman villa in Tuscany S. Raneri, F. Cantini, V. Palleschi, S. Legnaioli, S. Pagnotta, G. Lorenzetti, M.
Lezzerini
PP48 Simona Raneri Mural painting in Tuscany during the Middle Age: a spectroscopic investigation on pigments and
painting technique M. Lezzerini, F. Cantini, Simona Raneri, R. Belcari, S. Pagnotta, G. Lorenzetti, S. Legnaioli, V.
Palleschi
PP49 Elena Salernitano Demonstration of eco friendly tanning cycle by spectroscopic tech-niques (LIFE14
ENV/IT/000443 LIFETAN) A. Dall’Ara, E. Bramanti, M. Roig, M. Sabatini, M. Cobo, E. Salernitano, F. Bezzi
PP50 Elena Salernitano Eco friendly leather: Energy Dispersive X-Ray Spectroscopy com-bined with Scanning Electron
Microscopy and Thermogravimetric Analysis (LIFE14 ENV/IT/000443 LIFETAN) E. Salernitano, A. Dall’Ara, A. Strafella, E.
Bramanti
PP51 Roberto Sangines Development of a fitting algorithm for spectral analysis in a Laser Induced Breakdown
Spectroscopy system R. Sanginés, W. Lee, A. Preciado-Grijalva, O. Hernández-Utrera, N. Abun-diz-Cisneros, R.
Machorro-Mejía
PP52 Ana Beatriz Santos da Silva Direct determination of TiO2 as Ti used as digestibility marker in bovine faeces by
Laser-Induced Breakdown Spectroscopy (LIBS) A. B. Santos da Silva, E. R. Pereira-Filho, A. R. de Araujo Nogueira
PP53 Danielle Santos de Almeida Iron, Coper and Zinc mapping analysis of Swiss mice brains on experimental model of
Alzheimer's disease induced by β-amyloid oligomers D. S. de Almeida, M. de Melo Brígido, M. José dos Anjos, S. Teixeira
Ferreira, A. Santos de Souza, R. Tadeu Lopes
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS
PP54 Radka Šefců A multi-technique approach for determining the provenance of the mineral fluorite used as an artistic
pigment R. Šefců, J. Mizera, D. Koloušek
PP55 Radka Šefců The characterization of materials from the Norbert Grund's paint-ings on metal plate support R.
Šefců, M. Vondráčková, T. Trojek, V. Pitthard
PP56 Eugenia Shaykhutdinova Comparative analysis of casting technologies used for the manufac-turing of cast iron
dishware in the towns of Volga Bolgaria in 13th-15th centuries (Tatarstan, Russia) E. Shaykhutdinova, R.
Khramchenkova, A. Belyaev, A. Sitdikov, R. Yanbaev
PP57 Pavlína Škarková Comparative investigation of toxicity bioaccumulation and distribution of Cd-based Quantum
dots and Cd salt in freshwater plant Lemna minor P. Škarková, K.l Novotný, P. Pořízka1, J. Klus, P. Luba, J. Kaiser
PP58 Simon Steger Non-invasive spectroscopic study on a modern reverse glass paint-ing: Marianne Uhlenhuth’s “Ohne
Titel, 1954” S. Steger, O. Hahn, I. Rabin, H. Stege
PP59 Imre Szalóki X-ray fluorescence microanalysis of cucumber hypocotyls using synchrotron radiation I. Szalóki, G.
Radócz, A. Gerényi
PP60 Estrella Teran Hinojosa Characterization of fibrotic liver tissue by LIBS E. Teran-Hinojosa, H. Sobral
PP61 Csilla Noémi Tóth The elemental concentration of blood serum of patients with autoimmune diseases determined
by MP-AES method C. N. Tóth, E. Baranyai, I. Csípő, T. Tarr, M. Zeher
PP62 Anna Tugarova FTIR and Raman Spectroscopic Studies of Selenium Nanoparticles Synthesised by the bacterium
Azospirillum thiophilum A. V. Tugarova, P. V. Mamchenkova, Yu. A. Dyatlova, A. A. Kamnev
PP63 Qian Wang Characterization of the Aggregation Mechanism of Amyloid-β peptides with Cu2+/Zn2+ Using
Fluorescence Correlation Spectroscopy Q. Wang, Yun-Bao Jiang
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PP1 Pavlína Škarková Study of selectivity of Nanoparticle Enhanced Laser-Induced Breakdown Spectroscopy signal
enhancement L. Sládková, P. Pořízka, J. Klus, P. Škarková, B. D. Prochazka, M. Remešová, K. Novotný, L. Čelko, J.
Kaiser
PP2 Juri Agresti Control of the depth resolution and crater diameter in elemental depth profiling based on laser ablation
J. Agresti, S. Siano
PP3 Christoph Ahamer On the emission enhancement in dual-pulse femtosecond laser-induced breakdown spectroscopy
of metals C. M. Ahamer, K. M. Riepl, N. Huber, J. D. Pedarnig
PP4 Vanessa Nunes Alves Chromium speciation using Magnetic magnetite (Fe3O4) nanopar-ticles synthesized by
coprecipitation method and detection by FAAS V. Nunes Alves, C. A. de S. Silva
PP5 Alena V. Amosova Application of WDXRF analysis for paleoclimatic investigations A. Amosova, V. Chubarov
PP6 Alena V. Amosova Geochemical characteristic of bottom sediments using X-ray fluorescence spectra A. Amosova,
V. Chubarov
PP7 Francisco Ardini Antarctic Environmental Specimen Bank: A playground for analytical spectroscopists F. Ardini, A.
Bazzano, F. Soggia, M. Grotti
PP8 Asu Ece Atespare Determination of Various Minerals in Rice Samples Sold in Turkey using microwave induced
plasma optical emission spectrometry E. Atespare, N. Ozbek, H. Tınas, S. Akman
PP9 Dilek Bakircioglu Simultaneous Determination of Copper, Iron, Chromium, Lead, Manganese, Magnesium, Nickel
and Sodium in Chocolate Samples by Flame Atomic Absorption Spectrometry After Extraction Induced by Emulsion
Breaking D. Bakircioglu, N. Topraksever, A. Gogercin, Y. Bakircioglu Kurtulus
PP10 Yasemin Bakircioglu Kurtulus A Novel, Rapid and Simple Extraction Induced by Emulsion Breaking Procedure for
Cu, Mn and Ni Determination in Margarine Y. Bakircioglu Kurtulus, A. Can Babac, D. Bakircioglu
PP11 Edina Baranyai The examination of iron and manganese retention in the aquatic food chain by atomic
spectrometric methods P. Herman, S. Harangi, M. Fehér, E. Baranyai
PP12 Edina Baranyai Trace element determination of tree sap by microwave plasma atomic emission spectrometry H.
Kiss, S. Harangi, E. Baranyai
PP13 Raphael Biata Determination of antimony and tin in beverages using inductively coupled plasma-optical emission
spectrometry after ionic liquid based ultrasonic-assisted liquid-liquid phase microextraction N. R. Biata, L. Nyaba, J.
Ramontja, N.o Mketo, P. N. Nomngongo
PP14 Fausto Bredice Measurement of Laser Generated Plasma Parameters through the Perturbation caused by the
plasma in a stationary electric field F. Bredice, C. Sánchez-Aké, M. Villagrán Muniz, V. Palleschi, P. Pacheco Martínez,
R. S. Mercado
PP15 Fausto Bredice Temporal Evolution of the Boltzmann Plot as a Tool for the Characterization of Plasma Generated
by Laser F. Bredice, C. Sánchez-Aké, M. Villagrán Muniz
PP16 Victor Chubarov Chemical state determination by WDXRF analysis for geochemical investigations V. Chubarov
PP17 Victor Chubarov WDXRF analysis of chromium ores V. Chubarov, A. Amosova
PP18 Sesil Cizmeci Application of High-Resolution Continuum Source Molecular Absorption Spectrometry with Solid and
Solution Sampling for the Determination of Fluorine in Tea Varieties and Their Infusions S. Cizmeci, N. Ozbek, H.Tinas, S.
Akman
PP19 Stefano Columbu Characterization of ancient colored paintings on the lime-plaster from the " Teatro Marittimo" of
Roman Hadrian's Villa (Rome, Italy) S. Columbu, M. Lezzerini, S. Pagnotta, S. Raneri, S. Legnaioli, V. Palleschi
PP20 Gabriella Dravecz Solid Sampling Determination of Pb and Cd in Black Tea Leaf by High Resolution Continuum
Source Graphite Furnace Atomic Ab-sorption Spectrometry G. Dravecz, N. Laczai, Z. Ajtony, L. Bencs
PP21 Olivier Forni Results of the ChemCam Instrument on Board the MSL-Curiosity Rover: Calibration and geochemistry
from minor and traces elements O. Forni, J. Frydenvang, A. Cousin, O. Gasnault, S. Maurice, P.-Y. Meslin, A. Ollila,V.
Payré, R.C. Wiens, The ChemCam Team
PP22 Jens Frydenvang Quantitative major element calibration of the ChemCam instrument on the NASA Mars Science
Laboratory Curiosity rover J. Frydenvang, O. Forni, S. M. Clegg, R. B. Anderson, R. C. Wiens, A. Cousin, S. Maurice, O.
Gasnault and the ChemCam Team
PP23 Gábor Gálbacs Construction and initial characterization of a spatially heterodyne LIBS spectrometer D. J. Palásti,
I. Rigó, M. Veres, G. Galbács
PP24 Gábor Gálbacs Investigation of apatite grains in amphibolite rock samples by laser and X-ray spectroscopy methods
P. Janovszky, F. Schubert, T. M. Tóth, G. Galbács
PP25 Beatriz Gómez-Nieto Direct determination of silicon in oil-in-water emulsions by high-resolution continuum source
flame atomic absorption spectrometry B. Gómez-Nieto, M. Jesús Gismera, M. Teresa Sevilla, S. Cofrades, J. R. Procopio
PP26 Sándor Harangi Method development for the determination of iAs in rice using hydride generation atomic
absorption spectrometry (HG-AAS) H. Fige, S. Harangi, M. Costedoat, J.-Pi. Lener, E. Baranyai
PP27 Richard Hark Analyzing Carbonate Muds by Handheld LIBS E. C. Rankey, R. R. Hark, C. S. Throckmorton, R. S.
Harmon, A. M. Somers, K. E. Bompiani, L. M. Collins
PP28 Jörg Hermann Analysis of aerosols via calibration-free laser-induced breakdown spectroscopy in helium M.
Boudhib, J. Hermann, C. Dutouquet
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PP29 Formation.Mechanisms.of.Calcium.Monofluoride.in.Graphite.Furnace.Molecular.Absorption.
Spectrometry.and.Interactions.with.Competitive.Elements..S.. an,.Nil. e
PP30 Alexey Ilyin Collisional Radiative Model for Filamentation of Tightly Focused Femtosecond Laser Pulses in Air A.
Ilyin, S. Golik, K. Shmirko, A.r Mayor, D. Proschenko
PP31 Przemysław Jodłowski Comparison of theoretical and experimental studies of methane adsorption on PdO/Al2O3
structured catalyst P. Jodłowski, I. Czekaj, R. J. Jędrzejczyk, D. Chlebda
PP32 Maria Knadel Laser Induced Breakdown Spectroscopy for Soil Specific Surface Area Estimation M. Knadel, C.
Hermansen, P. Moldrup, M. H. Greve, E. Arthur, Lis W. de Jonge
PP33 Annarita Laricchiuta Thermodynamic and Transport Properties of Plasmas including Silicon-based Compounds G.
Colonna, A. D’Angola, L. D. Pietanza, M. Capitelli, F. Pirani, E. Stevanato, A. Laricchiuta
PP34 Violeta Lazic Calibration strategy for quantitative LIBS measurements in extremely variable plasma conditions,
and for reduction of the matrix effect V. Lazic, A. De Ninno
PP35 X. Chris Le Detection of Bacterial Pathogens in Water Using Affinity Aptamers and Inductively Coupled Plasma
Mass Spectrometry C. Hamula, F. Li, Y. Liu, Z. Wang, Q. Zhao, X. Chris Le, Xing-Fang Li
PP36 Alessandro Lenzi Determination of mercury in geothermal fluids employed as sources in power plants A. Lenzi, A.
Caprai, A. D’Ulivo, M. Onor, M. Mascherpa, M. Paci, A. Bettini
PP37 Javier Manrique Measurement of transition probabilities of Mn II lines by laser-induced breakdown spectroscopy J.
Manrique, C. Aragón, J. A. Aguilera
PP38 Nikolay Mashyanov Thermospecies of mercury in lichens as bioindicators of air pollution N. Panichev, M.
Mathebula, K. Mandiwana, N. Mashyanov, S. Pogarev
PP39 Cheryl McCrindle Food Safety implications of Polluted Water in South Africa C. McCrindle, M. Seopela, A.
Ambushe, K. Mekkonen, R. McCrindle
PP40 Marcia Foster Mesko Rare Earth Elements Determination in Crude Oil and Fractions by Electrothermal
Vaporization-Inductively Coupled Plasma Mass Spectrometry F.A. Duarte, J.S. Silva, A. S. Henn, P.A. Mello, C. A. Bizzi,
E. M. M. Flores
PP41 Isabel Moreira Endocrine Disrupters in Dolphins from the Brazilian Coast R. Lavandier, R. Montone, S. Taniguchi,
S. Siciliano, N. Quinete, I. Moreira
PP42 Héctor Morillas Micro-Raman and SEM-EDX application to evaluate the nature of cluster particles present in
Secondary Marine Aerosol highly influ-enced by anthropogenic emissions H. Morillas, I. Marcaida, M. Maguregui, C.
García-Florentino, U. Balziskueta, J. Manuel Madariaga
PP43.Tomáš.Matoušek.Direct.Speciation.Analysis.of.Arsenic.in.Wine,.Beer.and.Apple.Juice.by.Hydride.Generation-
Cryotrapping-.Atomic.Absorption.Spectrometry.A..Fajgarová,.T..Matoušek
PP44 Agnieszka Nawrocka Essential and Toxic Metal Contents in Smoked Meat Products available on the Polish Market
A. Nawrocka, M. Durkalec, M. Kmiecik, A. Posyniak
PP45 Philiswa Nosizo Nomngongo Determination of antimony and tin in beverages using inductively coupled plasma-
optical emission spectrometry after ultrasound-assisted ionic liquid dispersive liquid-liquid phase microextraction. T.S.
Munonde, N.W. Maxakato, P.N. Nomngongo
PP46 Philiswa Nosizo Nomngongo Preconcentration and speciation of chromium in river water using inductively
coupled plasma-optical emission spectroscopy after ultrasound-assisted magnetic solid phase extraction T.S. Munonde,
N.W. Maxakato, P.N. Nomngongo
PP47 Karel Novotny Normalization of LIBS spectra using acoustic and total emission signal K. Novotný, A. Hrdlička, E.
Pospíšilová, J. Píše, P. Pořízka, J. Kaiser
PP48 Davi F. Oliveira Analysis of Scale Deposition in Oil Pipes using X-Ray Microfluorescence Imaging Technique D.F.
Oliveira, C.A. Marinho, M.J. Anjos, R.T. Lopes
PP49 Uwe Oppermann Determination of Heavy Metals in Beer using ICP-MS Spectrometry U. Oppermann, L.
Fromentoux, J. Knoop, J. Schram
PP50 Nil Ozbek The Solid Phase Extraction of Some Trace Metals Using Graphene Nanoplatelets by HR-CS AAS N.
Ozbek, A. Baysal
PP51 Giovanni Pardini Determination of Pb, Zn and Cd in soil samples by means of total reflection X-ray fluorescence
analysis F. Bilo, L. Borgese, R. Dalipi, G. Pardini, E. Marguí, L.E. Depero
PP52 Giovanni Pardini Presence, mobility and bioavailability of toxic metals in soil, vegetation and streamwater around
a ceased Pb-Sb factory (Sant Llorenç d’Hortons, Barcelona, Spain) S. Mykolenko, V. Liedienov, M. Kharytonov, I.
Queralt, M. Hidalgo, E. Marguí, G. Pardini
PP53 Christian Parigger Electron density and temperature distribution in expanding laser-induced plasma C.G. Parigger,
G. Gautam, C. Helstern, K. Drake
PP54 Sofia Pessanha The use of portable EDXRF setup with triaxial geometry for the study of liquid samples â€“
Application to mine waters S. Pessanha, M.L. Carvalho, E. Marguí, I. Queralt
PP55 David Prochazka Enhancement of laser-induced breakdown spectroscopy signal by means of combination of pre-
ablation and re-heating laser pulses D. Prochazka, J. Klus, P. Pořízka, J. Novotný, K. Novotný, A. Hrdlička, J. Kaiser
PP56 María del Carmen Rico Rodríguez Fast Detection of Adulteration in Honey using Laserâ€“Induced Breakdown
Spectroscopy and Neural Networks M. del Carmen Rico Rodríguez, S. Manzoor, J.D. Rosales, J.O. Cáceres
PP57 Daniel Riebe Calibration-free laser induced breakdown spectroscopy for the quantitative determination of soil
nutrients D. Riebe, S. Pagnotta, T. Beitz, H.-G. Löhmannsröben, V. Palleschi
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PP58 Anne-Sophie Rother Molecular femtosecond LIBS compared to excitations with longer pulse durations A.-S.
Rother, P. Kohns, G. Ankerhold
PP59 Madlen Rühlmann Design of an online-analysis technique for the determination of ma-jor and minor nutrients in
soils using double-pulse laser-induced breakdown spectroscopy M. Rühlmann, T. Schmid, M. Ostermann, D. Büchele
PP60 Çiğdem Arpa Şahin Determination of Nickel and Cobalt in Food Samples by Using Ultrasound-Assisted Solidified
Floating Organic Drop Microextration Followed By Flame Atomic Absorption Spectrometry Ç. Arpa Şahin, I. Arıdaşır, İ.
Durukan Temuge, S. Bektaş
PP61 Citlali Sánchez-Aké Influence of the Spot Size on ZnO Thin Films Produced by Pulsed Laser Deposition A. Yáñez-
Guzmán, A. Fernández, Citlali Sánchez Aké, T. García-Fernández, M. Villagrán-Muniz
PP62 Carlos Sánchez-Rodríguez Removing interferences in organic solvents and petroleum products by hTISIS-ICP-
MS/MS C. Sánchez, F. Chainet, C. Philippe Lienemann, J. Luis Todolí
PP63 Nick Schiavon Assessing the efficacy of the EDXRF/Monte Carlo Simulations approach in the analysis of ancient
metal artifacts: an experimental study on artificial corroded alloy samples N. Schiavon, E. Angelini, S. Grassini , A.
Brunetti
PP64 Mauana Schneider Iodine determination by high resolution continuum source molecular absorption spectrometry:
A comparative between promising molecules M. Schneider, Mao-Dong Huang, H. Becker-Ross, B. Welz
PP65 Susanne Schröder Quantification of Chlorine via Molecular Emissions of CaCl in Laser-induced Breakdown
Spectroscopy under Martian Conditions D. S. Vogt, K. Rammelkamp, S. Schröder, H.-W. Hübers
PP66 Giorgio Senesi Micro-Laser Induced Breakdown Spectroscopy for recognition of chemical zoning of Ti-rich garnets
in thin section G. Agrosì, P. Manzari, G. S. Senesi, G. Tempesta
PP67 Sungho Shin Characterization of Signal Variation by Metal Types and Surface Conditions during Laser Induced
Breakdown Spectroscopy S. Shin, H. Jang, J. Lee, J.-H. Choi, E. Hwang, S. Jeong
PP68 Sergey Sholupov Optimization of measurement technique for automated DGM determination in water S.
Sholupov, N. Mashyanov, S. Pogarev, V. Ryzhov, F. Fornai, F. Bartaloni, G. Saviozzi, C. Laschi, P. Dario, F. Pacini, G.
Teti, L. Volpi
PP69 Sergey Sholupov Real-time highly sensitive and selective benzene and mercury determination in air and natural
gas by differential absorption spectrometry with the direct Zeeman effect
PP70 Panayiotis Siozos Substrate effect on the LIBS emission of nanometer scale thick layers P. Siozos, S. Prasad
Banerjee, N. Giannakaris, T. Sarnet, D. Konios, M. Krassas, E. Stratakis, E. Kymakis, M. Sentis, D. Anglos
PP71 Gioacchino TempestaMicro-laser induced breakdown spectroscopy of an iron meteorite G. Tempesta, P. Manzari,
G. S. Senesi, G. Agrosì
PP72 Hande Tinas Determination of Lead in Flour Directly by Solid Sampling High Resolution Continuum Source
Graphite Furnace Atomic Absorption Spectrometry H. Tınas, N. Ozbek, S. Akman
PP73 Ricardo Urrutia-Goyes Simple PXRF Field Measurement Methodology for Trace Elements in Soil R. Urrutia-Goyes,
A. Argyraki, N. Ornelas-Soto
PP74 Maria Goreti R. Vale Determination of Chromium and Cadmium in Mushroom Sam-ples by HR-CS SS-GF AAS J. G.
César, A. V. Zmozinski, W. Boschetti, M. G. R. Vale
PP75 Maria Goreti R. Vale Investigation of spectral interferences on the determination of Pb in road dust samples using
high-resolution continuum source graphite furnace atomic absorption spectrometry S.S. Fick, F.V. Nakadi, P.
Smichowski, F. Fujiwara, M.G.R. Vale
PP76 Emiliya Tomova Vasileva-Veleva Determination of thorium in seawater by using SeaFast matrix separation
system and Isotope Dilution Inductively Coupled Plasma Mass Spectrometry I. Wysocka, E. Vassileva
PP77 Richard Viskup Measurement of Diesel Particulate Matter exhaust emissions generated from real Diesel
combustion engine personal vehicles by means of Laser Induced Breakdown Spectroscopy R. Viskup, W. Baumgartner
PP78 Li Xue Single-particle Investigation of Antarctic Sea Spray Aerosols Using Low-Z particle EPMA, Raman
Microspectrometry, and ATR-FTIR Imaging Techniques Hyo-Jin Eom, X. Li, H. Hwang, S. Hur, Y. Gim, C. Ro
PP79 Sang Soon Yun Determination of benzoic acid and sorbic acid in Vegetables S.S. Yun, S.J. Lee, J.S. So, G. Lee, M.
Kim
PP80 Zhuoyong Zhang Classification of Sand Samples by Using Terahertz Time-Domain Spectroscopy and
Chemometrics P. Liu, Xin Zhang, B. Pan, M. Wei, Z. Zhang, P. de B. Harrington
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paintings and two masters V. Antunes, A. Candeias, M. L. Carvalho, C. Barrocas Dias, A. Manhita, M. J. Francisco, A.
Lauw, M. Manso
PP2 Andrea Antunes Characterization of polymeric biomaterial for high-resolution X-ray Imaging A. Antunes, I. L.
Ferreira, A.F.G. Monte, M. Raposo
PP3 Marco Arruda Metabolomic approach investigating differences in two generation of genetically modified and non-
modified soybean seeds B. Campo, R. Galazzi, F. Santos, M. Eberlin, M. Arruda
PP4 Marco Carlo Mascherpa Fourier Transform Infrared Spectroscopy in the leather quality control (LIFE14
ENV/IT/000443 LIFETAN) M. C. Mascherpa, M. Onor, B. Campanella, A. D’Ulivo, E. Pitzalis, E. Salernitano, A. Strafella,
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PP5 Jorge Caceres Megapixel multi-elemental imaging by Laser-Induced Breakdown Spectroscopy, a technology with
considerable potential for paleoclimate studies J. O. Cáceres, V. Motto-Ros, S. Moncayo, F. Trichard, F. Pelascini, G.
Panczer, A. Marín-Roldán, S. ManzoorA, J.Cruz, I. Coronado, J. Martín-Chivelet
PP6 Damian Chlebda Evaluation of the surface intermediates during the methane catalytic combustion over non-noble
catalysts by in situ NIR and 2D-COS D. K. Chlebda, P. J. Jodłowski, R. J. Jędrzejczyk, A. Dziedzicka, D. Pawcenis, J.
Łojewska
PP7 Adolfo Cobo Automatic classification of metal alloys from their LIBS spectra and its robustness against spectrometer
decalibration A. Cobo, A. Picón, M. Martínez, C. López-Sarachaga, Z. Amondarain, J. M. López-Higuera
PP8 David Day Quantificationation of Carbon in Steel using Handheld LIBS B. Connors and David R. Day
PP9 Alessandro De Giacomo Nanoparticles-Enhanced Laser-Ablation ICP-MS Of Metals F. Mastrorocco, L.C.
Giannossa, C. Koral, A. De Giacomo, A. Mangone
PP10 Daniel Diaz Fluid-dynamic Design of Laser Ablation Chambers for Laser Abla-tion-Laser Induced Breakdown
Spectroscopy (LA-LIBS) D. Diaz, D. Soto, D. Hahn, A. Molina
PP11 Thomas DietzQuantification of halogens in concrete using molecular emissionson T. Dietz, C. Gottlieb, N. Sankat,
G. Wilsch, C. Bohling, P. Kohns, G. Ankerhold
PP12 Francois Doucet Qualifying a Commercial LIBS Instrument for Method Validation in Metallurgical Industries F. R.
Doucet, L.-Ç. Özcan
PP13 Anna Dziedzicka Sono chemically assisted synthesis of zeolite catalysts for methane combustion A. Dziedzicka, Ł.
Kuterasiński, R. J. Jędrzejczyk, D. Chlebda, P. Jodłowski
PP14 Shuzo Eto Effect of steel temperature and corrosion on laser-induced plasma of the salt deposit S. Eto, T. Fujii
PP15 Edilene Cristina Ferreira Internal Standardization Enabling Calcium Determination In Bio-char Soil Conditioners
By Laser-Induced Breakdown Spectroscopy C. P. de Morais, A. Isis Barros, D. Santos Júnior, C. Augusto Ribeiro, G. S.
Senesi, J. A. Gomes Neto, E. C. Ferreira
PP16 Cassian Gottlieb Material properties and their impact on laser-induced plasmas for concrete analysis C. Gottlieb,
T. Günther, G. Wilsch
PP17 Emilia Grygo-Szymanko Fractionation and speciation analysis of manganese in wheat samples E. Grygo-
Szymanko, A. Telk, D. Dudek-Adamska, N. Miliszkiewicz, S. Walas
PP18 Jörg Hermann Analyses of multielemental thin films via laser-induced breakdown spectroscopy E. Axente, J.
Hermann, G. Socol, V. Craciun
PP19 Jörg Hermann Investigation of surface contamination by aluminum on classically-manufactured fused silica
windows C. Gerhard, O. Uteza, J. Hermann
PP20 Joanna Hetmańczyk Raman light scattering and infrared absorption studies of the phase transition and
reorientational dynamics of H2O ligands and ReO4 – anions in [Mg(H2O)4](ReO4)2 J. Hetmańczyk, Ł. Hetmańczyk, A.
Migdał-Mikuli
PP21 Masao Inose Rapid and Continuous Analysis Method for Steel Pickling Solution Using Near-Infrared Spectroscopy
M. Inose, T. Matsushima, S. Kinoshiro, K. Tahara, S. Aizawa, H. Tanaka, T. Ohara
PP22 Hudson Angeyo Kalambuka Nuclear Forensics Utilizing Machine Learning Enabled Peak-Free LIBS and LAMIS A.
Hudson Kalambuka, B. Bhatt, A. Dehayem, J. Namachanja, B. Wanyonyi
PP23 Ildikó Kálomista Extending the applicability of the single particle ICP-MS technique to the investigation of
nanorods and nanoalloys I. Kálomista, A. Kéri, D. Ungor, E. Csapó, I. Dékány, G. Galbács
PP24 Alexander A. Kamnev Raman Spectroscopic and Theoretical Study of Liquid and Solid Water within the Spectral
Region 1600–2300 cm–1 G.A. Pitsevich, I.Yu. Doroshenko, E.N. Kozlovskaya, A.D. Leshchenko, A.A. Kamnev
PP25 Jan Knoop Easy Determination of Chromium and Arsenic Species in Toys and Food using hyphenated LC-ICPMS
technique applying the new developed Shimadzu Time Resolved Measurement Software J. Knoop, J. Schram, D. Pasina,
U. Oppermann, S. Szopa, N. Garnebode
PP26 Yuto Kobune Two-step Laser Excitation of Triplet Rydberg States of Mg Atom from the 3s3p 3P0O metastable
state Y. Kobune, T. Amemiya, H. Ito, K. Yamane, K. Kitano, Y. Mizugai, and H. Maeda
PP27 George Kourousias Monitoring dynamic electrochemical processes with in-situ ptychography and keyhole CDI G.
Kourousias, B. Bozzini, M. Jones, G. Van Riessen, M. Kiskinova, A. Gianoncelli
PP28 Agnieszka Anna Krata Development of HPLC Species-Specific / Unspecific ID ICP MS Method for the
Determination of Selenium Species A. A. Krata, E. Bulska, J. Karasinski, M. Wojciechowski
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Discharge Atomizers J. Kratzer, S. Musil, M. Svoboda, J. Dědina, Z. Mester, R. E. Sturgeon
PP30 Anicó Kulow S2XAFS: A new experimental set-up for time-resolved X-ray absorp-tion spectroscopy in a ‘single-
shot’ A. Kulow, A. Guilherme Buzanich, M. Radtke, U. Reinholz, H. Riesemeier, C. Streli
PP31 Javier Laserna In-situ monitoring and characterization of airborne solid particles in hostile industrial environments
using stand-off LIBS T. Delgado, D. Girón, J. Ruiz, L.M. Cabalín, Javier J. Laserna
PP32 Javier Laserna Identification strategies for steel grades at high temperature using stand-off LIBS T. Delgado, J.
Ruiz, L.M. Cabalín, Javier J. Laserna
PP33 Vasily N. Lednev Elemental profiling of wear resistant coatings by laser induced breakdown spectroscopy and
energy dispersive X-ray spectroscopy V. N. Lednev, P.A. Sdvizhensky, M.Ya. Grishin, A.N. Fedorov, S.M.Pershin, T.
R.S., Staverty A.Ya
PP34 Vasily N. Lednev Laser Crater Enhanced Raman Spectroscopy V. N. Lednev, P.A. Sdvizhenskii, M.Ya. Grishin,
S.M.Pershin
PP35 Sandra Maria Maia Study for Elements Determination for Evaluating their Availability in Coal and Ashes using
Experimental Design and the ICP-MS Technique S. Maria Maia, W. Kalkreuth, M. F. Ferrão, R. Lorenzini
PP36 Ciro Márquez Mercury analysis in Coal, Ash and Slag using Cold Vapor-ICPOES, After microwave digestion C.
Márquez, M. Antunez, B. Garrido, J. Canales
PP37 Karel Marschner Selective Hydride Generation of Inorganic Arsenic for Fast Screening of Samples of Marine Origin
K. Marschner, S. Musil, T. Matoušek, J. Dědina
PP38 Nikolay Mashyanov Spectroscopic study of pecularuies of mercury distribution in coals N. Mashyanov, S. Pogarev,
E. Panova, S. Sholupov, N. Panichev, M. Mathebula, V. Ryzhov
PP39 Alexey Bulanov Features of LIBS under the action of ultrasound I. Nagorny
PP40 Samuel Moncayo Evaluation of compact VUV spectrometer for elemental imaging by laser-induced breakdown
spectroscopy S. Moncayo, F. Trichard, D. Devismes, F. Pelascini, A. Feugier, C. Sasseville, F. Surma, V. Motto-Ros
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PP42 Tristan Oliver Nagy Investigation of the layer-thickness- and wavelength-dependence of laser stratigraphy on Cu
and Ni coatings using LIBS T. Oliver Nagy, E. Paulis, Morris J.J. Weimerskirch, U. Pacher, W. Kautek
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PP47 Massimo Onor Removal of metals and dyes in wastewater treatment by surface modified PP resins M. Onor, F.
Cicogna, S. Javarone, E. Passaglia, S. Coiai
PP48 Anna Maria Orani Development and application of ICP-MS methodologies for trace elements, As species and Pb
isotope ratios determination in Mediterranean sponges A. M. Orani, E. Vassileva, O. Thomas, A. Barats
PP49 Belgin Genc Oztoprak Discrimination of Polymers By Using Laser-induced Breakdown Spectroscopy and
Chemometric Techniques B. Genc Oztoprak
PP50 Johannes Pedarnig Element imaging of metallic and dielectric layers by laser ablation - electric spark optical
emission spectroscopy J. Pedarnig, N. Huber, S. Donninger, J. Hofstadler, A. Pissenberger, H. Duchaczek
PP51 Rosario Pereiro Assessment of Next Generation Thin Film Solar Cells by Depth Profile Analysis using Pulsed Glow
Discharge – Time of Flight Mass Spectrometry R. Pereiro, B. Fernández, L. Lobo, P. Sanchez, A.Menendez, N.
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ABSTRACT: Laser induced breakdown spectroscopy (LIBS) is currently considered one of the most active research areas in 
the field of analytical spectroscopy. LIBS has emerged as a powerful alternative for chemical analysis in a wide front of ap-
plications, from geological exploration to industrial inspection, from environmental monitoring to biomedical and forensic 
analysis, from cultural heritage to homeland security. Development of LIBS instruments with extended capabilities for ener-
gy dosage to the sample using ultrashort laser pulses has been undertaken which have permitted a better understanding of 
the underlying issues of LIBS –notably, laser interaction with matter, plasma dynamics and properties. Significant progress 
in chemical information from the traditional ns monopulse ablation to multipulse, multiwavelength excitation has occurred 
in the last decade. These advances have resulted in substantial improvements in detection limits and method precision and 
accuracy. While LIBS certainly has practical utility in many laboratory-based chemical measurements, the true potential of 
this technology becomes apparent when it is used for applications inaccessible to more conventional analytical techniques. 
Underwater LIBS analysis and inspection of the elemental composition of distant objects constitute examples of the exclusive 
capabilities of LIBS. In this lecture an overview of LIBS from the original concepts to the current technology is presented. 
LIBS research of relevance to contemporary chemical analysis including both innovative performance breakthroughs and 
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ABSTRACT: The introduction of exogenous genes is successfully attained into plants since the 80´s, and the first report [1] 
is that one conferring the resistance of the soybeans to the glyphosate, the most sealing herbicide in the word. This strategy 
make possible those so called genetically modified organisms (GMOs), showing a good appeal to sustainability, once the 
GMOs present enhanced characteristics as high amount of fibers, proteins, are resistant to pests and/or insets, among others 
[2]. Additionally, the production is exponentially increasing, so that 170 M hectares are nowadays related to crops engi-
neered in at least 28 countries [2]. Inside the context of GMOs, since some years ago, our research group is deeply interest-
ed in evaluating the effects that the genetic modification confers to the plant. Then, we are applying a diversity of strategies 
and techniques, focusing not only on comparative studies between engineered plants or not, but also evaluating different 
generations of such plants and the cultivation in the presence of nanoparticles. Then this work summarizes some of our com-
parative studies involving GMOs. For this purpose, mass spectrometry-based techniques, such as ICP-MS, LA-ICP-MS in 
the imaging mode, ESI-MS/MS, and FT-ICR-MS are applied for investigating some aspects regarding soybean [Glycine max 
(L.) Merril] seeds and plants concerning metals, bioaccessibility, (metallo)proteins, metabolites and stress [3-6]. All the 
results and studies emphasize the importance of the spectrometry-based platforms for acquiring reliable and useful results, 
which can be used not only for unraveling some facets of such organisms after genetic modification, but also for improving 
the area of engineered crops.     
References:  
[1] Monsanto do Brasil. http://www.monsanto.com.br/produtos/sementes/soja_roundup_ready/soja_round_ready.asp. [ac-
cessed at January, 11th, 2017] 
[2] Gilbert N., Nature 497(2013)21 
[3] Herrera-Agudelo, M. A, Miró, M., Arruda, M. A. Z., Food Chem. 227(2017)125 
[4] Oliveira, S. R., Arruda, M. A. Z., J. Anal. Atom. Spectrom. 30(2015)389 
[5] Arruda, S. C. C., Barbosa, H. S., Azevedo, R. A., Arruda, M. A. Z., J. Proteomics 93(2013)107 









NICE-OHMS and NICE-AAS  
Frequency Modulated Cavity Enhanced Spectroscopic Techniques 
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ABSTRACT: Noise-immune cavity-enhanced optical heterodyne molecular spectrometry (NICE-OHMS) is a powerful tech-
nique for detection of molecular compounds in gas phase. It is based on a combination of frequency modulation spectrosco-
py (FMS), for reduction of noise, and cavity enhancement (CE), for prolongation of the interaction length. By choosing the 
modulation frequency equal to the free-spectral range (FSR) of the cavity all spectral components of the modulated light will 
be transmitted through their own cavity mode. By this, any frequency fluctuation between the laser and the cavity modes will 
cause identical attenuation and dispersion of all light components. Since the FMS signal is given by various combinations of 
differences of these, it will be unaffected by such fluctuations. This is referred to as “noise immunity” and implies that detec-
tion can be made as if the cavity would not be there. The technique has the ability to detect a wide variety of signals: owing 
to the use of FMS, it can measure both absorption and dispersion signals; due to the presence of high intensity counter-
propagating beams inside the cavity, it can detect both sub-Doppler (sD) and Doppler-broadened (Db) signals; and, finally, 
in order to reduce low-frequency noise or to remove the Db background on which the sD signals reside, wavelength modula-
tion can additionally be applied. All this implies that the technique can be used for a variety of applications. The technique 
was originally developed for high precision frequency standard applications at JILA in Boulder, CO. In its first realization, 




 was demonstrated for sD 
detection of molecular species. This showed that NICE-OHMS has a large potential for sensitive gas analysis. However, 
since the locking of tunable lasers to high finesses cavities can be intricate, the technique has, for a long time, been considered too 
complex to be used for practical trace gas analysis. To challenge this, and to make the technique more applicable to trace gas de-
tection, our research group has developed the NICE-OHMS technique further, with the main aim of reducing the complexity of the 
instrumentation while keeping as much as possible of its high sensitivity. Over the years, a variety of lasers have been used. The 
most powerful systems developed so far, working in the near-IR region, are based on narrowband fiber lasers and most recently 
whispering-gallery-mode lasers together with optical fibers and fiber-coupled components for compact realization. Using C2H2 as 
the pilot species, we have meticulously characterized the technique and assessed its optimum conditions. Using a cavity with a fi-




 range, which corresponds to hundreds of 
ppq (parts-per-quadrillion) of acetylene. To reach into the mid-IR region, to address low abundant isotopologues, also systems 
based on optical parametric oscillators (OPOs) have been developed. This talk will provide a short description of the basic features 
of the technique and some of the most important results. The technique has so far not been used for analytical atomic spectrometry 
(AAS). A first estimate of its performance suggests though that NICE-AAS can provide detection sensitivities of Na in graphite fur-
naces in the zg (10
-21





When Anthropocene means exploiting all the elements of the 
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We are now using minerals and metals in greater quantities than ever before. Since 1990 the extractive production of many 
metals has grown by several orders of magnitude. The rate of use has particularly increased for metals used in high-tech 
applications, with more than 80% of the total cumulative production of some elements (REE (rare earth elements), PGE (Pt 
group elements), In, Ga) having taken place since 1980. At the same time, materials have become more complex. New 
technologies, such as those needed for modern communication and computing and the production of clean energy, require 
the use of many different elements with the result that we are using more of the periodic table than in the past. 
We are now discovering, with surprise, that we do not know much about the environmental chemistry and the 
ecotoxicological and human toxicity of many elements of the periodic table which, even if used since ‘always’, are now 
becoming “contaminants of emerging concern”. The research in the field will eventually result in regulatory action to 
establish environmental guidelines or criteria to ensure adequate protection when needed. However, all the studies involved 
in this process require adequate analytical methods and we are also discovering, with dismay, that for many elements and 
matrices they do not exist. Since the ‘emergence’ of the awareness of emerging contaminants with Rachel Carson and her 
1962 book “Silent Spring”, emerging pollutants have been a major driving force for analytical chemistry, mainly in the field 
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Arsenic is one of the most important environmental agents causing chronic human disease. A wide variety of adverse 
health effects, including bladder, lung, and skin cancers, have been attributed to chronic exposure to arsenic. Many arsenic 
species undergo metabolism, and the toxicities of arsenic metabolites vary by several orders of magnitude. To facilitate stud-
ies of arsenic speciation, we and others have developed several chromatography and mass spectrometry techniques that en-
able quantitative determination of a variety of arsenic species. An example is the simultaneous detection with both inductive-
ly coupled plasma mass spectrometry (ICPMS) and electrospray ionization tandem mass spectrometry (ESI-MS/MS) after 
high performance liquid chromatography (HPLC) separation. This presentation will show several applications of these tech-
niques to studies of exposure, metabolism, and health effects of arsenic species.  
Arsenic is also used in the successful treatment of acute promyelocytic leukemia (APL). Binding of arsenic to the promye-
locytic leukemia fusion protein (oncoprotein) is a key event of the successful treatment. Therefore, identification of other 
arsenic-binding proteins is important for developing arsenic-based therapeutics for other cancers. We describe a strategy 
for the capture and identification of arsenic-binding proteins in living cells. An affinity capture technique, using click chem-
istry and mass spectrometry, enabled identification of arsenic-binding proteins in human cell lines. Applications of the tech-
nique are demonstrated using the A549 human lung carcinoma cells. We are able to capture and identify 48 arsenic-binding 
proteins in A549 cells. Among the identified proteins are several antioxidant proteins (e.g., thioredoxin, peroxiredoxin, per-
oxide reductase, glutathione reductase, and protein disulfide isomerase) and glyceraldehyde-3-phosphate dehydrogenase. 
Studies of arsenic binding to some of these proteins and the consequent enzymatic inhibition suggest that these proteins 
could be potential molecular targets that play important roles in cancer treatment and in arsenic-induced health effects. 
1. Shen, S.; Li, X.-F.; Cullen, W.R.; Weinfeld, M.; Le, X.C. Arsenic binding to proteins. Chem. Rev. 2013, 113, 7769-7792.   
2. Peng, H.; Hu, B.; Liu, Q.; Yang, Z.; Lu, X.; Huang, R.; Li, X.-F.; Zuidhof, M.J.; Le, X.C. Liquid chromatography combined with atomic and 
molecular mass spectrometry for speciation of arsenic in chicken liver. J. Chromatogr. A  2014, 1370, 40-49.  
3. Chen, B.; Liu, Q.; Popowich, A.; Shen, S.; Yan, X.; Zhang, Q.; Li, X.-F.; Weinfeld, M.; Cullen, W.R.; Le, X.C. Therapeutic and analytical 
applications of arsenic binding to proteins. Metallomics, 2015, 7, 39-55. 
4. Cullen, W.R.; Liu, Q.; Lu, X.; McKnight-Whitford, A.; Peng, H.; Popowich, A.; Yan, X.; Zhang, Q.; Fricke, M.; Sun, H.; Le, X.C. Methylated 
and thiolated arsenic species for environmental and health research – a review on synthesis and characterization. J. Environ. Sci., 2016, 49, 7-
27. 
5. Moe, B.; Peng, H.Y.; Lu, X.F.; Chen, B.W.; Chen,  L.W.L.; Gabos, S.; Li, X.-F.; Le, X.C. Comparative cytotoxicity of fourteen trivalent and 
pentavalent arsenic species determined using real-time cell sensing. J. Environ. Sci., 2016, 49, 113-124. 
6. Chen, B.; Lu, X.; Arnold, L.L.; Cohen, S.M.; Le, X.C. Identification of methylated dithioarsenicals in the urine of rats fed with sodium arse-
nite. Chem. Res. Toxicol. 2016, 29, 1480–1487. 
7. Liu, Q.; Peng, H.; Lu, X.; Zuidhof, M.J.; Li, X.-F.; Le, X.C. Arsenic species in chicken breast: temporal variations of metabolites, elimination 
kinetics, and residual concentrations. Environ. Health Perspect. 2016, 124, 1174-1181. 
8. Yang, Z.L.; Peng, H.Y; Lu, X.F; Liu, Q.; Huang, R.F.; Hu, B.; Kachanoski, G.; Zuidhof, M.J.; Le, X.C. Arsenic metabolites, including N-
acetyl-4-hydroxy-m-arsanilic acid, in chicken litter from a Roxarsone-feeding study involving 1600 chickens. Environ. Sci. Technol. 2016, 50, 
6737–6743. 
9. Yan, X.W.; Li, J.H.; Liu, Q.Q.; Peng, H.Y.; Popowich, A.; Wang, Z.X.; Li, X.-F.; Le, X.C. p-Azidophenylarsenoxide: An arsenical “bait” for 
the in-situ capture and identification of cellular arsenic-binding proteins. Angew. Chem. Int. Ed. 2016, 55, 14051-14056.  
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ICP-MS is widely used for many applications. Nevertheless, the underlying plasma characteristics and the behavior of the 
sample material are not yet fully understood. We try to obtain a better insight in the underlying processes by means of com-
puter modeling. In the last 5 years, we developed a comprehensive model, which simulates the ICP torch connected to a MS 
sampling cone, considering the large pressure drop from upstream to downstream (i.e. 1 atm to 1 torr). I will explain the 
model, including the assumptions made, the equations to be solved and the input data and boundary conditions of the model. 
The model describes the gas flow behavior inside the ICP, as well as typical plasma characteristics, such as plasma tem-
perature and electron density. Besides, the effect of the injection of analyte material is accounted for. We focus on elemental 
particles, as relevant for LA-ICP-MS. The inserted elemental particles are followed throughout the ICP, up to the evapora-
tion step, and we also include ionization of the vapor atoms, taking Cu as a case study. The model allows us to trace the par-
ticles, and to determine their position, their phase (liquid, vapor or ionized), velocity and temperature, both in the ICP torch 
and at the sampler orifice. Thus, we can determine the shape and position of the ion clouds, originating from either the Ar 
flow or the inserted sample material, which is of interest for both OES and MS studies. Finally, we can obtain information on 
the fraction of Cu
+
 ions passing the sampling cone, with respect to the amount of Cu injected into the ICP. I will show typical 
calculation results, illustrating the plasma characteristics and gas flow patterns, as well as the sample transport, evapora-
tion and ionization, to indicate what type of information can be obtained from the model, and how modeling can contribute 
to a better insight in the underlying mechanisms and help to improve the applications. I will first show the general ICP char-
acteristics and sample behavior at typical gas flow rates (i.e., 1 L/min injector gas, 0.4 L/min auxiliary gas, and 12 L/min 
outer gas flow rate), a plasma power of 1000 W, and Cu particles of 1 µm diameter, injected at a mass loading flow rate of 
100 ng/s through an injector inlet of 1.5 mm diameter. Subsequently, I will present the effect of the sampler orifice diameter 
and position, the injector inlet diameter and position of particle injection (including on-axis and off-axis injection), the gas 
flow rates and plasma power, as well as the particle diameter (in the range of 0.1 – 100 µm) and particle mass loading flow 
rate (in the range of 1 ng/s – 500 µg/s), on the ICP characteristics and on the behavior of the sample material, to illustrate 










Solid Matrix Transformation as a Sample Preparation Method for 
Laser Induced Breakdown Spectroscopy and Laser Ablation 
Inductively Coupled Plasma Analysis 
Richard E. Russo*
A,B
,  Jay W. Grate
 C
, Jhanis J. Gonzalez
 A,B
, Matthew J. O'Hara, Cyndi M. Niver,  
David W. Koppenaal 
C
, George C-Y Chan 
A






Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, California, USA; City, Country; 
B 
Applied Spectra, Inc. 46665 Fremont Blvd, Fremont, California, USA; 
C 
Pacific Northwest National Laboratory, 




ABSTRACT: Laser ablation (LA) as a sampling approach with analysis using Inductively Coupled Plasma Mass Spectrome-
try (ICP-MS) and Laser Induced Breakdown Spectroscopy (LIBS) is commonly promoted as a ‘no sample preparation’ ap-
proach when dealing with solids directly.  For many applications, direct solid sample analysis without sample preparation is 
viable. Many international researchers have shown how laser parameters such as wavelength, pulse duration, energy and 
spot size play a role on the accuracy and precision of analysis. It also has been shown that femtosecond laser ablation can 
significantly reduce matrix-matching requirements needed for calibration. Achieving good qualitative and semi-quantitative 
analysis is practically routine with today’s instruments. However, in cases where standards are needed for quantitative 
analysis, but do not exist, a means for standardization must be established. Some efforts have included simultaneous desolv-
ated liquid with laser ablation, nano-particle coating of the sample, and others. The success of MALDI is the process of cre-
ating a standardized matrix, so the sample is now just a small part of the total composition, similar to digesting a portion of 
a solid into a liquid, in which case the liquid is the main sample that is injected into the ICP. Without digesting the sample in 
acid, is there some nominal effort to prepare the sample before analysis similar to MALDI, which would be suitable for LA in 
both ICP and LIBS analyses? We are studying and developing a new direct solid transformation approach that allows a con-
sistent matrix that can contain spikes for isotope dilution or internal standards. Our approach also produces a ‘standard-
ized’ matrix – the sample is no longer the matrix, but a part of a common matrix. The approach is more straightforward than 
conventional acid digestion or lithium borate type fusion processes. This presentation will describe our initial studies trans-
forming NIST glass and pitchblend samples from their original matrix into a modified matrix. The modified matrix also will 








Solid Matrix High-resolution Continuum Source Absorption 








ABSTRACT: This title should say that this technique can do (almost) everything that you might expect from a high-resolution 
absorption spectrometer that works with a high-intensity continuum radiation source and a linear CCD array detector in the 
spectral range of a conventional atomic absorption spectrometer (AAS). First of all, the use of a continuum source with a 
CCD array detector opens the (spectral) window, and you can see the spectral environment of the analytical line at high 
resolution – and if you want in three dimensions. This greatly facilitates method development, and discovery and removal of 
spectral interferences. The instrument is also equipped with two unsurpassed background correction systems, one of which 
corrects automatically for any ‘continuous’ background, i.e., background that only changes with time, not over the wave-
length, and this measurement and correction of background is strictly simultaneous with the measurement of atomic or mo-
lecular absorption, avoiding any artifacts due to rapidly changing background absorption. The other correction system is 
called least squares background correction (LSBC), which corrects for background with a fine structure due to the absorp-
tion of diatomic molecules, one of the most notorious spectral interferences in line source AAS. Due to the use of a high-
intensity continuum radiation source with essentially the same intensity between 190 and 900 nm, all absorption lines within 
this range become available for measurement with the same intensity (not sensitivity!). This makes possible using secondary 
lines of lower sensitivity without compromises. This includes the possibility of determining more than one element simultane-
ously, if a secondary line of another element falls within the spectral range of the CCD detector. Obviously, the same atom-
izers, i.e., flames and furnaces are used in high-resolution continuum source AAS (HR-CS AAS) as in conventional line 
source AAS; however, one technique appears to have gained a lot from the improvements brought about by HR-CS AAS, and 
that is direct solid sample analysis using graphite furnace AAS. The number of papers that have been published within the 
last decade about the application of direct solid sample analysis of in part extremely complex samples in a graphite furnace 
using aqueous standards for calibration, i.e., without any interference, is impressive. This means that this technique has be-
come extremely robust with the introduction of HR-CS AAS.Probably the most important innovation that has been brought 
about by this technique is the possibility to determine non-metals via their diatomic molecules. Due to the excellent resolu-
tion of HR-CS AAS, the rotational fine structure of the molecular bands is well resolved, and the individual rotational lines 
can be used in the same way for absorption measurements via molecular absorption spectrometry (MAS) as atomic lines. 
This way elements such as phosphorus, sulfur and the halogens can be added to the list of elements that can be determined 
by this technique. 
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This lecture will review my personal experience with the technique of Laser-induced Breakdown Spectroscopy (LIBS). In 
view of my career-long sparkling interest in the analytical and diagnostic aspects of atomic emission, absorption and 
fluorescence spectroscopy with laser excitation, it was only natural to add another spark to the scenario. The talk will cover 
our first LIBS experiments with atmospheric aerosols, followed by a variety of research projects, such as ground state 
atomic absorption imaging, time-resolved ionic fluorescence in the plasma, and calibration-free analysis. I used to name 
several of these experiments “toccata e fuga”(touch and go), in the sense that, while working on one project, other 
(sometimes unexpected) findings triggered continuously new research directions to explore, leaving the original project 
incomplete. Finally, I will try to convey my overall evaluation of LIBS, which is still witnessing many evolutionary 
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Glow discharge spectroscopy (GDS) is used for the analysis of bulk and layered samples in the electronic, automotive, aero-
space, photovoltaic and other industries. The sample to be analysed forms the cathode of a low current (1-40 mA) glow dis-
charge (GD) in a noble gas, (usually Ar) at a low pressure, typically 50-500 Pa. Either the optical or mass spectrum is rec-
orded (Optical emission spectroscopy –OES or mass spectrometry -MS). Such plasmas are not in thermal equilibrium and 
the various processes occurring in the plasma cannot be described in terms of characteristic temperatures.  The degree of 
ionization and relative populations of the excited levels of atoms and ions depend on various processes such as electron im-
pact excitation / ionization, Penning excitation / ionization and Asymmetric Charge Transfer (ACT). The presence in the 
plasma of a small amounts of molecular gas (e.g. H2, O2 or N2), possibly trapped in the sample or source or formed when, 
e.g., an oxide is sputtered, can cause major changes in the number densities of plasma gas ions and metastable atoms and so 
affect the intensities of spectral lines (in GD-OES) and the populations of sample ions (in GD-MS). A deep understanding of 
the contributions of the various excitation processes is a challenging goal and investigations with various cathode materials 
and plasma gases are needed to obtain this understanding. The progress achieved recently in this area has been reflected in 
analytical methodology, thereby improving the performance of GDS in analytical applications. 
The majority of experimental investigations into the roles of the various excitation / ionization processes have been made 
using OES. Theoretical studies have also been made and Bogaerts has published data on the relevant interactions when mo-
lecular gases are present in a discharge. However, it is not possible to calculate the contributions of all the interactions and 
processes in the plasma. There is no substitute for experimental work. GD-MS can provide additional information on the 
processes occurring and problems encountered in GD-OES and vice-versa. We have made major advances in the under-
standing of plasma processes already obtained from GD-OES by using various samples, gases and gas mixtures in several 
commercial GD-MS instruments. For the most profitable results, the experimental conditions for GD-OES and GD-MS work 
must be as similar as possible. 
In this talk involving both OES and MS investigations, the latest developments by the LondonMet GD research group in un-
derstanding the roles of the various GD plasma processes will be discussed. Particular attention will be paid to processes 
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ABSTRACT: The historical development of the Euromediterranean Symposium on Laser Induced Breakdown Spectroscopy 
(EMSLIBS) will be reviewed. The idea behind the organization of this symposium has been initiated during the first LIBS 
conference held in Tirrenia, in the vicinity of Pisa, in November 2000. The first symposium faced lots of difficulties in its 
organization in Cairo, Egypt due to the global political situation in September 2001. However, the conference has been suc-
cessfully organized on a relatively small scale in November of the same year. The following symposia have been grown up 
significantly as for the number of participants and their countries. All EMSLIBS conferences have been documented in spe-
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Over 1300 consumer products, ranging from cosmetics and food additives through to paints or clothing, currently available 
on the market contain nanoparticles, with estimated global revenue worth €30 billion in 2015 [1].  Despite such widespread 
use, regulations concerning commercial use of nanomaterials have only recently started to emerge.  One of their key re-
quirements is to indicate the presence of nanomaterial, more specifically, a material containing 50% or more particles with 
one or more external dimensions in the size range between 1-100 nm [2].  Despite such requirements, the availability of met-
rologically validated methods for number-based characterisation of nanomaterials in complex samples is a current chal-
lenge.  Such methods would be invaluable to support regulatory and scientific assessment of potential hazards and impact of 
nanomaterials on human and the environment, as well as development of standardised protocols for toxicological screens. 
Since health benefits and/or possible toxic effects of certain nanomaterials may depend on their chemical physichochemical 
properties, there is an urgent need for development of reference methods and reference materials (RMs) from simple solu-
tions (e.g., used for method development and instrument calibration) to complex biological matrices (for method validation). 
Such reference methods and RMs will be invaluable tools for measurement quality assurance, product quality control and 
the production of new and more efficacious products. This lecture will provide insights into the current metrological chal-
lenges associated with the characterisation of manufactured nanomaterials in complex samples.  This will be achieved 
through examples of application of on-line QQQ-ICP-MS hyphenations to (i) asymmetric flow field-flow- fractionation 
(AF4) for the accurate quantification of silica nanoparticles in a food sample using size-specific isotope dilution analysis 
and (ii) AF4 and particle tracking analysis (PTA) for the determination of number-based concentration of 80 nm silica na-
noparticles (difficult to analyse by other counting techniques like single particle ICP-MS using current instrumentation) in a 
serum matrix. In terms of quantification, aspects affecting the achievement of high accuracy IDMS data for the mass fraction 
of nanomaterials in real complex samples in absence of isotopically enriched nanomaterials (used as spikes for IDMS) with 
the same physicochemical properties as the “native” particles will be presented. Also, the impact of rather using “like for 
like” behaving spikes on the overall measurement uncertainty and the requirements for reference material production will be 
discussed. Finally, the potential of AF4 to reliably determine number-based concentration of silica particles in the complex 
serum matrix by PTA with an RSD (n=3) ≤ 5% (i.e. without need for sample preparation) as well as to provide confirmatory 
data for number-based concentration when hyphenated to ICP-MS, will be demonstrated.  
 [1] A. McWilliams BCC Market Research Reports 2010, NAN031D, 1-276. 




The feasibility of analysis of water structure in electric field using 
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ABSTRACT: In these studies we wanted to explore the possibility of analysis of distribution of hydrogen bonds and the dy-
namics of aqueous systems clustering. That’s way, we tried to build a special micro-chamber which consist of nano-
electrodes, dielectric layers, barrier layers and a working channel. The investigations have been done using molecular spec-
troscopies. It should be emphasized that used materials should be transparent to the laser beam and not interfere with the 
signal collected from the working channel. Furthermore, the barrier layer and working channel should have very poor adhe-
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ABSTRACT: In this study, we have represented that alkaline phosphatase enzyme (ALP) could be used as SERS label with 
nanoparticles for E. coli detection. While gold coated magnetic nanoparticles (MNPs-Au) displayed activity on immunomag-
netic separation part, gold nanorods (Au-NRs) were modified to bind alkaline phosphatase. After immunoassay was set up 
with E.coli and nanoparticles, substrate of alkaline phosphatase was added to produce SERS-active product. At the first 
stage of this study, rapid and sensitive detection of ALP with Ag-NPs and Au-NRs was successfully performed. For this pur-
pose, SERS substrates developed quantification of enzyme concentration. Au-NRs and Ag-NPs coated surfaces have gradual 




 M ALP concentrations based on SERS measurements. The linear correlation be-
tween ALP concentrations and BCIP dimer calculated R
2
= 0,98839 and R
2
= 0,94538 respectively.  At the second stage, we 
developed an alternative strategy to use ALP activity to detection of E. coli. The detection is based on a characteristic fea-
ture of the BCIP dimer and the quantification of its intensity from Raman Spectroscopy. Immuno affinity of antibody captur-
ing to E. coli and enzyme-substrate interactions enhanced the two fold of selectivity and specificity. Under optimized condi-
tions, it was found that the recorded SERS intensity depends on the E. coli concentration after the sandwich formation. The 






. The sensitivity of the developed assay 
was investigated and the LOD and LOQ of the proposed method for E. coli detection were found as 3 cfu mL
-1
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ABSTRACT: Many bacteria have been shown to be capable of reducing selenium oxyanions with the formation of Se nano-
particles (Se NPs). This phenomenon attracts the attention of researchers worldwide, since selenium oxyanion reduction by 
soil and aquatic microorganisms is an important part of Se biogeochemical cycle in the environment. On the other hand, 
different biological systems (including bacteria) can be used for the synthesis of Se NPs. This belongs to the actively devel-
oping area of "green chemistry". In studying the mechanisms of Se NPs synthesis and for their characterisation, among in-
strumental techniques, vibrational spectroscopy (FTIR spectroscopy in various modes; Raman spectroscopy) can provide a 
wealth of useful information. In this lecture, a survey will be given of applications of vibrational spectroscopy techniques in 
studying Se NPs produced by various microorganisms. In particular, Raman spectroscopy allows various allotropic modifi-
cations of selenium in NPs to be reliably distinguished. Microbially produced reddish-orange Se NPs are mainly represented 
by amorphous and/or monoclinic Se modifications (see, e.g. [1,2]), which can be confirmed by other techniques (such as X-
ray diffraction). FTIR spectroscopic analysis of microbially produced Se NPs is extremely sensitive to the presence of bio-
logical macromolecules (e.g., proteins, polysaccharides, lipids in varying proportions) attached to the Se NPs surface (see, 
e.g. [3] and references cited therein). This biomacromolecular ‘shell’ of varying composition makes microbially produced Se 
NPs different from those synthesised by chemical routes and, particularly, stabilises their aqueous suspensions (owing to 
negative zeta potentials of such biogenic Se NPs, largely as a result of the presence of carboxylic groups in the biomacromo-
lecular ‘shell’ [3]). 
Despite being actively investigated, the processes of microbial synthesis of Se NPs and their properties are not yet complete-
ly understood. Thus, further research is definitely required, including structural studies by vibrational spectroscopy tech-
niques. Finally, it has to be mentioned that the phenomenon of microbial synthesis of Se NPs is widely applicable in various 
fields, such as biomedicine (particularly, in cancer treatment), bioremediation of soils and aquifers, production of biologi-
cally active food additives, packaging materials, etc. 
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ABSTRACT: The introduction of high-resolution continuum source atomic absorption spectrometry has brought significant 
advantages for the progress of AAS, and has permitted the development of molecular absorption spectrometry applications 
as well, opening up new ways to determine non-metals,1,2 and even to carry out isotopic analysis.3 
It seems that this technique may still have a number of surprises left. For instance, recent investigations demonstrate that it 
may also provide relevant information for nanoparticle (NP) research.4 In fact, proper optimization of the temperature pro-
gram may permit to obtain information on the chemical form (ionic or as NP) in which metals are found, since the signal 
profiles obtained for solutions/suspensions of ionic metals and NPs are very dissimilar.5,6 In particular, proper optimization 
of the temperature program, using a very low heating ramp during the atomization step and in the absence of chemical modi-
fiers, enables a fast and simple screening to be performed, since the signal profiles obtained for solutions/suspensions of ions  
and NPs are very dissimilar. Moreover, in the case of finding NPs, it is possible to estimate the average particle size, be-
cause this parameter is related with the time of appearance of the maximum peak height. Furthermore, it seems also possible 
to establish if the NPs are linked to target biomolecules, or else they are free in the solution. 
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ABSTRACT: Resonance effect is a phenomenon that strongly enhances Raman signal from the sample and strictly depends 
on excitation wavelength. Previous studies showed that the Raman resonance effect is present in liquid water and it directly 
corresponds to the supramolecular structure of liquid water. Intensity ratio of two main components of OH stretching modes 
with maxima around 3200 and 3400 cm
-1
 (assigned to strongly and loosely hydrogen-bonded water molecules respectively) 
depends on the excitation wavelength in the visible range [1]. Noble metal (gold, silver) nanoparticles have been successful-
ly applied for Surface Enhanced Raman Scattering (SERS). Significant increase in Raman signal found for many organic 
molecules adsorbed on expanded metal surface put attention on SERS as a very sensitive analytical technique allowing to 
study single molecules. Because of this fact, currently, SERS technique is more willingly used in interesting studies on the 
field of medicine, biology, biochemistry or crystallography. In this work, SERS effect for water molecules in aqueous disper-
sions of silver nanoparticles (AgNPs) is presented. An enhancement of low frequency component in OH stretching vibrations 
region (3200 cm
-1
 band) in Raman spectrum of liquid water attributed to strongly structurized water was observed. An en-




 for excitation wavelength 514.5 nm and AgNPs average size of 34±14 nm. 
Influence of temperature on studied phenomenon was also investigated. Experimental results were complemented by simula-
tion studies about solvent motion (water) nearby obstacle (silver nanoparticle). Presented results are the first report on the 
SERS found for inorganic molecules - water interacting with silver nanoparticles. [1] M. Pastorczak, M. Kozanecki, J. Ulań-









CE-ICP-MS as a platform to differentiate the speciation changes of 
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ABSTRACT: Metalonanomaterials (MNMs) possess unique optoelectronic and magnetic properties that make them highly 
promising as therapy and diagnostics (theranostics) tumor agents. The in-vivo fate of MNMs and particularly, their route 
from the point of administration to the targets is closely related to interactions with proteins present in the bloodstream. Af-
ter a decade of research, there is still a lack of knowledge of the exact functions of proteins in MNMs mechanism of action. 
Therefore, it is acute need for developing more efficient analytical techniques to study protein-mediated speciation of MNMs. 
The aim of this contribution is the development of an analytical methodology, which will be used for characterization of the 
medicinally-active MNMs interactions with serum proteins. Electrophoretic techniques become more and more popular in 
the analysis of bio-behavior of nanomaterials. However, with common UV detection they do not allow for monitoring rele-
vant speciation changes of MNMs. Therefore, we have selected as the method of choice capillary electrophoresis hyphenated 
to inductively coupled plasma mass spectrometry (CE-ICP-MS). This combined methodology takes advantages of high reso-
lution potential of CE separation and sensitivity and specificity of ICP-MS. These benefits provided the possibility to investi-
gate protein‒MNMs interactions under mild, species-friendly conditions, at low concentrations, and using small sample vol-
umes. In this study the speciation changes of gold nanoparticles
1
, gold nanorods and CdSeS/ZnS quantum dots
2
 in serum 
environment were investigated. Due to the application to the experiments the various types of nanomaterials with different 
sizes, shapes, surface functionalization and doses it was possible to assign the parameters which crucially influence protein 
coronas formation in human serum. For example, in case of gold nanoparticles, the parameter which determines the interac-
tions with distinct serum proteins was the size of nanomaterial. Summarizing, CE-ICP-MS technique was the first time suc-
cessfully applied as a platform specified to separate the protein-MNMs conjugates from bare MNMs and to differentiate 
their trafficking on the way to cell targets. 
1. M. Matczuk, K. Anecka, F. Scaletti, L. Messori, B.K. Keppler, et al., Metallomics 7 (2015) 1364−1370.  
2. M. Matczuk, J. Legat, A.R. Timerbaev, M. Jarosz, Analyst 141 (2016) 2574−2580.  
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ABSTRACT: Nanoantimicrobials based on metals (Ag, Cu, Zn) and their oxides are widely proposed as bioactive agents with 
low environmental and human toxicity for a number of applications, including food packaging, biomedicine, automotive and 
textile industries. The most desired nanoantimicrobials release metal species in a controlled manner and they eventually 
slow down or inhibit at all the growth of bacteria or other pathogenic microorganisms. In recent years, the authors have 
developed and characterized a number of different nanoantimicrobial systems capable to exert a controlled release of metal-
lic ions into aqueous solutions [1-3] without generating a significant leaching of whole nanoparticles into the same contact 
media [4]. Antibacterial ionic species released by transition metal nanophases such as silver, copper and zinc oxide, provide 
an ideal alternative route to fight bacterial resistance towards conventional disinfecting agents. Electrochemical methods, in 
particular, have been used for more than a decade to produce bioactive core-shell nanocolloids, which can be used as water-
insoluble nano-reservoirs providing an excellent tuning of ionic release. Laser Ablation synthesis in liquid media, wet-
Chemical synthetic routes and vacuum methods such as Ion Beam sputtering, provide complementary materials with inter-
esting antimicrobial properties. Nanoantimicrobials were investigated in several industrially relevant cases with the aim of 
producing surfaces with antimicrobial properties. In all cases, x-ray photoelectron spectroscopy was used to evaluate the 
chemical speciation and elemental composition of pristine NPs and final materials, providing useful information about the 
synthesis process, as well as the storage, and processing conditions. Atomic absorption spectroscopy was used to investigate 
the metal ions release from the modified surfaces and industrial products. Analytical spectroscopy results were matched with 
antimicrobial tests, to demonstrate the growth inhibition for different classes of microorganisms. Different approaches to 
second generation nanoantimicrobials, e.g. to those materials combining antibacterial efficiency and nanosafety issues, will 
be critically discussed, based on spectroscopic, morphological, release and bioactivity evidences. 
REFERENCES 
[1] N. Cioffi et al, Chemistry of Materials 17 (2005) 5255-5262. 
[2] N. Cioffi et al, Analytical and Bioanalytical Chemistry 382 (2005) 1912-1918. 
[3] N. Cioffi et al “Nanomaterials for metal controlled release and process for their production” EP 2123797B1, approved 
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 Interdisciplinary synchrotron radiation based X-ray spectrometry 
applications using the IAEA multi-technique instrument operated at 
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ABSTRACT: The International Atomic Energy Agency (IAEA) operates jointly with the Elettra Sincrotrone Trieste (EST) a 
multi-technique X-ray spectrometry end-station [1-3] at the X-ray Fluorescence (XRF) bending magnet beamline [4]. The 
facility is accessible to end-users since the beginning of 2015 through the established peer-review process of EST. Through 
this collaboration the IAEA promotes and supports synchrotron based experiments and training activities by research groups 
from Member States with limited previous experience and resources to access synchrotron radiation facilities. Currently, 
various research programs within the IAEA Coordinated Research Project (CRP) framework are in progress. The research 
areas of interest include characterization of nano-structured materials, materials in solar cells, characterization and 
speciation of environmental samples [5, 6] (airborne particulate matter, water samples, suspensions, coal fly ash), study of 
essential or toxic elements in plants to develop/improve biofortification, phytoremediation and phyto-mining techniques, spe-
ciation of trace elements in human tissues for cancer studies, advanced materials for preventive conservation of stone 
monuments, study of ancient technologies of manufacture, and systematic measurement and re-evaluation of X-ray 
fundamental parameters. The EST-IAEA X-ray spectrometry facility offers advanced analytical features available to limited 
number of synchrotron radiation facilities worldwide, namely to perform XRF measurements at different excitation or 
detection geometries (TXRF, GIXRF, GEXRF) combined with X-ray absorption (XANES and EXAFS) or X-ray reflectometry 
(XRR) measurements, supporting a comprehensive characterization of different kind of materials. Results obtained from 
interdisciplinary applications are reported and discussed highlighting the analytical capabilities and the perspectives for 
further exploitation of this new X-ray spectrometry facility. 
 
[1] https://www.elettra.trieste.it/lightsources/elettra/elettra-beamlines/microfluorescence/iaea-end-station.html  
[2]P. Wrobel, et al., Nucl. Instr. and Meth. in Phys. Res. A, (2016) 833, 105–109. 
[3] J. Lubeck et al., (2016) AIP Conference Proceedings, 1741, art. no. 030011, DOI: 10.1063/1.4952834 
[4] W. Jark et al., SPIE Proceedings 9207, (2014) 92070G-1. 
[5] N. L. Misra et al., X-Ray Spectrom. (2017) DOI 10.1002/xrs.2733  







Development of HPLC-ICP MS Method for Separation and De-
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ABSTRACT: Metal-based nanoparticles have attracted increasing attention and found plenty of scientific, industrial and 
commercial applications in recent years. Gold nanoparticles (AuNPs) are widely applied in electronics, sensors, solar cells, 
and catalysis. AuNPs are also used for biomedical applications, like radiotherapy, cancer therapy or as drug carriers. Food 
supplements and cosmetics labelled to contain nanogold (e.g. lotions, skin creams, toothpastes, and soaps) are commercially 
available. Silver nanoparticles (AgNPs) have a broad spectrum of antimicrobial activity and therefore are incorporated into 
various consumer products, such as anti-odour sportswear, underwear, socks, disinfecting sprays, food contact materials, 
washing machines, pillows and mattresses, toothbrushes, water filters, cosmetics. Due to increasing applications of nano-
materials in daily life and thus increasing exposure to them, concerns have been raised about their safety. Speciation analy-
sis of nano and ionic forms of metal is essential when assessing the potential impact of nanoparticles on human health and 
the environment. As a consequence, analytical techniques are urgently required for the simultaneous determination of these 
forms in different matrices (consumer products, biological and environmental samples). 
The possibility of application of high performance liquid chromatography for the separation of nano and ionic forms of gold 
and silver with post-column ICP-MS detection is presented in this work. Different LC columns: Nucleosil C18 column (1000 
Å pore size, 7 µm particle size, 250 × 4.6 mm) and two polymeric reversed phase columns (PLRP-S 1000 Å pore size, 8 µm 
particle size, 250 x 4.6 mm and PLRP-S 4000 Å pore size, 8 µm particle size, 150 x 4.6 mm) as well as different compositions 
of the mobile phase were investigated in order to obtain good resolution and ensure the stability of gold and silver species. 
The separated species were determined by inductively coupled plasma mass spectrometry with using 8800 ICP-QQQ spec-
trometer (Perlan Technology).  





Characterization of SiO2 Nanoparticles by Single Particle - Induc-
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Abstract: Due to their unique physical and chemical properties, the use of nanomaterials is rapidly growing over the last 
years. As non-metal oxides, SiO2 nanoparticles (NPs) are used in a wide variety of applications, such as mechanic polishing 
or as additives in food and cosmetics
1
. The use of NPs is raising the concern about their potential effects in the environment 
and health. Different international directives exist (e.g. European Commision
2
) urging the need to characterize such materi-
als. In this regard, Single Particle Inductively Coupled Plasma – Mass Spectroscopy (SP-ICP-MS) is a technique that pro-
vides information as elemental composition, particle size, mass concentration and size distribution. Although this technique 
has been strongly developed in recent years, many aspects are still susceptible of improvement
3
. This is the case for SiO2 NPs, 
which determination is hampered by the occurrence of strong spectral interferences coming from ubiquitous elements present 
in the plasma itself. ICP – Tandem Mass Spectroscopy (ICP-MS/MS) is a powerful technique dealing with such spectral over-
laps in a straightforward way
4
. ICP-MS/MS instruments are equipped with two quadrupoles (Q1 and Q2) located before and 
after an octopole collision/reaction (ORS) cell, thus enabling for a double mass selection. In the MS/MS mode, all ions with 
different m/z than that of the target nuclide are filtered out by Q1, thus enhancing the control over the collisions/reactions 
taking place in the ORS and permitting a more efficient resolution of interferences.  
This work assesses the capabilities of SP-ICP-MS/MS for interference-free determination of SiO2 NPs by using different ORS 
conditions, i.e. no gas, He, H2, NH3 and CH3F. The reactivity of Si with the different gasses was evaluated via product ion 
scanning, in which Q1 was set at m/z =28, with Q2 scanning over the entire mass spectrum. Once the most suited reaction 
product ions were identified, the use of on-mass and mass-shift approaches was investigated. On-mass methods were used in 
the case of “vented mode”, He and H2, while mass-shift was found to be particularly suitable in the case of NH3 and CH3F. 
Calibration data, capabilities for the characterization of SiO2 and instrumental limits of detection and quantification were 
compared within this work. Additional issues, such as contamination and possible effect of using chemical resolution in the 
measurement of fast transient signals (dwell times < 5ms), were carefully addressed. This work demonstrates the potential of 
SP-ICP-MS/MS for the characterization of SiO2 NPs, in spite of the strong spectral overlap and high contamination typically 
accompanying the determination of Si via ICP-MS.  
[1] Montaño, M.D., et al, Anal. Chem. 2016, 88, 4733-4711 
[2] Commission Recommendation 2011/696/EU, OJ L 275, 20.10.2011 
[3] J. Liu, K.E. Murphy, R.I. MacCuspie, M.R. Winchester, Anal. Chem. 2014, 86, 3405-3414 
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ABSTRACT: Proteins are the main functional components in various food products and have ability to support dietary 
needs. Protein content is an important quality parameter in terms of price, nutritional value and labeling of various cereal 
samples. It has a crucial role in determining the textural, sensory and nutritional properties of the products. Therefore, de-
termination of protein is an important quantitative analysis in terms of quality control, accurate nutrition labeling, pricing, 
functional property investigation and biological activity determination, which makes it a subject of both economic and social 
interest. However, conventional analysis methods, namely Kjeldahl and Dumas have major drawbacks such as long analysis 
time, titration mistakes, carrier gas dependence with high purity, and relatively low accuracy and precision. For this reason, 
there is an urgent need for rapid, reliable and environmentally friendly technologies for protein analysis. The present study 
aims to develop a new method for protein analysis in wheat flour and whole meal by using laser induced breakdown spec-
troscopy (LIBS), which is a multi-elemental, fast and simple spectroscopic method. Unlike the Kjeldahl and Dumas method, 
it has the potential to analyze high number of samples in a considerably short time. In this study, nitrogen peaks in the LIBS 
spectra of wheat flour and whole meal samples with different protein contents were correlated with results of standard Du-
mas method with the aid of chemometric methods. Calibration graph showed good linearity with the protein content between 
7.9-20.9%, and 0.992 coefficient of determination (R
2
). Limit of detection (LOD), limit of quantitation (LOQ), relative error 
of prediction (REP) and relative standard deviation (RSD) for ash analysis in wheat flour, whole meal values were calculat-
ed as 0.26%, 0.77%, 4.5% and 4%, respectively. The results indicated that LIBS is a promising and reliable method with 
high sensitivity for routine protein analysis in wheat flour and whole meal samples. 
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The grape variety Chardonnay is widely employed in the white wine and sparkling wine production. In the last few years, the 
Brazilian sparkling wines have drawn the attention of consumers around the world due to their quality
1
. Information about 
the composition of must and white wine used in the sparkling wine production provides great impact in the control and im-
provement of the excellence of this beverage
2
. Thus, the use of fast and reliable analytical methods in order to determine the 
concentration of macro and microelements in these samples is essential. The aim of this work is the development of simple 
analytical methods for the sequential determination of Ca, Cu, Fe, K, Mg, Mn, Na, Rb and Zn in must and white wine via 
high-resolution continuum source flame atomic absorption spectrometry. A flow injection valve was used to minimize the 
sample consumption and to maintain the thermal stability of the flame. Eighteen Chardonnay grape samples were collected 
in southern Brazil and by crushing these fruits the must was obtained. A fraction of the grape juices was used to produce, 
through a fermentation process, the white wine. Due to the presence of particles and the large quantity of sugars, the must 
samples were submitted to a microwave-assisted acid digestion procedure. In this process, 3 mL of must, 3 mL of 65% (w/w) 
HNO3 and 2 mL of 30% (w/w) H2O2 were added in Teflon flasks. The white wine samples were analyzed without any pre-
treatment. Analyzing the digested samples, a spectral interference of the NO diatomic molecule was observed on the analyti-
cal line of Zn (213.857 nm). In order to correct this interference using the least square algorithm a reference spectrum of NO 
from an aqueous solution of HNO3 was evaluated; however, the NO spectrum was not generated. The interference could only 
be completely corrected when a "blank solution" of the acid digestion was used to generate the NO reference spectrum. Con-
sidering the presence of ethanol in the white wine samples and its influence in the sample transport and in the flame temper-
ature, calibration curves, for quantification of these samples, were established with standard solutions in 10% (v/v) ethanol. 
For the must samples, only standard solutions in water were used for the calibration. The values obtained for the limits of 
detection and quantification were consistent with those reported in the literature. To verify the accuracy of the results, re-
covery tests were performed and the results varied between 91 and 106%, for all elements investigated. Therefore, the devel-
oped methods are capable to perform must and white wine analysis, providing fast, accurate and reliable results with low 




 www.enologia.org.br, Associação Brasileira de Enologia - ABE, accessed in 01/2017.   
2






Elemental mass spectrometric evaluation of iron nanoparticles as an 
enhanced iron supplement for formula milk  
Sonia Fernández-Menéndez*
A
, Rafaella Regina Alves Peixoto
A
, María Luisa Fernández-Sánchez
A











Department of Physical and Analytical Chemistry, Faculty of Chemistry, University of Oviedo, Avda. Julián 
Clavería 8, Asturias, Spain; 
B
Neonatology Service, Department of Pediatrics, Asturias Central University Hospi-
tal (HUCA), Aldea Cerdeño, 33011 Oviedo, Spain.  
*soniafdezm@gmail.com
ABSTRACT: Iron is the essential trace element most abundant in the human body which participates in a wide number of 
physiological and biological processes. Although the absorption of dietary iron (1-2 mg/day) is regulated tightly, it is just 
balanced with losses. Therefore, internal turnover of iron is essential to meet the requirements for erythropoiesis (20-30 
mg/day). Iron deficiency is considered the first nutritional disorder in the world and is usually the result of insufficient die-
tary intake of iron, poor utilization of iron from ingested food, or a combination of the two. Direct addition of iron to formula 
milk (“iron fortified” formulas) is an effective mean of increasing the dietary intake of iron in newborns to cover their grow-
ing needs. In general iron absorption from formula is very low compared with maternal milk. Infants fed with Fe supplement-
ed formula still show risk of iron deficiency, despite the dose generally administered (higher than the one observed in mater-
nal milk). The search of new Fe supplements with higher bioavailability and/or absorption than those used today (i.e. FeSO4) 
is currently in high demand. In this sense, the use of iron nanoparticles (NPs) is being evaluated as a new form to supple-
ment/ fortify commercial milk formulas [1]. 
In this work the use of Fe-NPs as a new efficient iron supplement of formula milk was evaluated in lactating rats: iron en-
riched stable isotopes, in combination with isotope pattern deconvolution (IPD) and Inductively Coupled Plasma (ICP-MS) 
methodology, previously developed [2], are used to investigate the iron absorption/bioavailability and its distribution into the 
three basic body compartments of Fe [functional (erythrocytes), transport (serum) and storage (liver)] in lactating rats fed 
with 
57
Fe-NPs supplemented formula.  
Results obtained showed that the proposed 
57
Fe-NPs lead to a higher incorporation of the supplemented 
57
Fe in all compart-
ments comparing with other physicochemical forms previously studied [2]. Regarding 
57
Fe apparent absorption, it was ob-
served that the excretion rate of the exogenous iron administered from the NPs is related to the dose more than the physico-
chemical form used for iron supplementation. From the results obtained, it could be concluded as well that iron incorpora-
tion from the assayed NPs was higher than other previously assayed Fe physicochemical forms (at the same total iron levels) 
in some compartments (e.g. serum), still being lower than the values observed for the rats fed with maternal milk [2]. 
 [1] Powell JJ, Bruggraber SFA, Faria N, Poots LK, Hondow N, Pennycook TJ, Latunde-Dada GO, Simpson RJ, Brown AP, 
Pereira DIA (2014) A nano-disperse ferritin-core mimetic that efficiently corrects anemia without luminal iron redox activity. 
Nanomedicine 10(7):1529–1538. doi: 10.1016/j.nano.2013.12.011. 
[2] Ferna ́ndez-Mene ́ndez S, Ferna ́ndez-Sa ́nchez ML, Gonza ́lez-Iglesias H, Ferna ́ndez-Colomer B, Lo ́pez- Sastre J, Sanz-





Evaluation of internal standardization to improve the determination 
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ABSTRACT: The presence and amount of trace elements in beverages influence on their organoleptic, physicochemical, nu-
tritive and toxicological characteristic. Some metals such as copper or zinc are considered essential elements for living or-
ganisms. They are required for physiological functions and their deficiency produces disorders of the digestive, cardiovascu-
lar and nervous system and dwarfisms, hypogonadism and dermatitis. Nevertheless, an excessive intake of these elements 
may lead to other disorders and diseases. Other elements such as lead or cadmium are potentially harmful metals and their 
toxicity is recognized as a major environmental health risk. For these reasons, the determination of elements in beverages is 
a topic of interest in nutrition, toxicology and food safety fields. In fact, the maximum content of these elements is stablished 
in technical regulations for different beverages. The analytical methods usually employed for this purpose are based on 
spectrometric techniques. Among them, the methodologies based on flame atomic absorption spectroscopy can be considered 
the most common spectrometric methods for routine task in the laboratory. However, the differences in the  chemical compo-
sition of the different kinds of beverages may produce spectral and matrix interferences in a direct analysis. For this reason, 
a sample pretreatment and/or the use of the standard addition or matrix-matched calibration methods are usually required 
to reduce interferences and achieve adequate results. The sample treatment is an additional and time-consuming process 
that increases the risks of sample contamination and loss of analytes. The standard addition method   requires a large sam-
ple volume and it is considered time-consuming in comparison with external and internal calibration methods. In matrix-
matched calibration, a solution with an adequate composition to simulate a representative matrix of the sample must be pre-
pared. This task can be difficult because in many cases it is unknown the exact nature and amount of the components that are 
in each kind of sample. The aim of this work is to develop analytical methods, based on flame atomic absorption spectrosco-
py, that could be applied for the determination of trace elements in a large variety of beverages. For this purpose, the inter-
nal standard calibration method is used in order to reduce and minimize interferences by transport effect due to the different 
contents of components such as alcohol and/or sugars that are present in these samples. Bismuth, silver, nickel, ruthenium 
and cobalt have been evaluated as internal standard for copper, zinc and lead. The proposed methodology has been applied 
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ABSTRACT: Butter is an expensive milk fat product, which has been frequently exposed to adulteration practices through the 
addition of animal fats or other low-priced vegetable oils. In order to prevent these practices, Codex Standard 279-1971 
requires the ratio of milk fat in butter at least 82% and the official method described in Regulation (EC) No 273/2008 re-
quires the analysis of triacylglycerols by using gas chromatography (GC) as the reference method [1]. Due to the drawbacks 
of GC such as being time-consuming and requiring experienced personnel, rapid and simple alternative methods are needed 
for the determination of butter adulteration. Within this context, usage of spectroscopic methods namely Raman, fluores-
cence, Fourier Transform Infrared and attenuated total reflectance-mid-infrared have been reported in the literature [2-5]. 
Unlike from the reported studies, the potential of laser induced breakdown spectroscopy (LIBS) for determining butter adul-
teration with margarine was investigated in the present study.  Differences in the mineral composition of butter and marga-
rine samples have been taken into consideration. Inductively coupled plasma mass spectroscopy (ICP-MS) and atomic ab-
sorption spectroscopy (AAS) have been mainly used in literature to reveal the differences in mineral composition of these 
samples. However, the obligation for the mineralization of the samples constitutes the major disadvantage of these tech-
niques. A high-energy laser pulse is used to ablate a small amount of sample in LIBS technique. A plasma that contains the 
mixture of exited neutral and charged atomic and molecular species is formed subsequent to the laser ablation. Since the 
light emissions from these species are measured when they return to the ground state, one is able to perform a multi-
elemental analysis by using this technique [6]. In this study, LIBS spectra within the range of 186-900 nm were obtained for 
butter and margarine samples. Principal component analysis (PCA) and partial least squares (PLS) were applied on the 
collected LIBS data. A clear discrimination was observed by using principle component 1 and principle component 2, which 
explains 88.67% and 98.45% of the cumulative variance.  PLS calibration and validation graphs were established with ac-
ceptable root mean square error of calibration (RMSEC=1.08) and validation (RMSEP=3.37) values. Relative standard 
error and relative error of prediction values were 12.2% and 11.1% while limit of detection (LOD) and limit of quantitation 
(LOQ) values were calculated as 3.9% and 11.8%. ICP-MS and AAS methods were both used as the reference methods of 
elemental analysis. 
1.  EC, Comission Regulation No 273/2008, ‘Laying down detailed rules for the application of council regulation 1255/1999 
as regards methods for the analysis ann quality evaluation of milk and milk products’, (2008) 
2. R. S. Uysal, I. H. Boyaci, H. E. Genis, U. Tamer, Food Chemistry, 141(4) 2013 4397-4404. 
3. A. Dankowska, M. Malecka, W. Kowalewski, International Journal of Food Science&Technology 49(12) 2014 2628-2634. 
4. A. F. Nurrulhidayah, Y. B. Che Man, A. Rohman, I. Amin, M. Shuhaimi, A. Khatib, International Food Research Journal 
20(3) 2013 1383-1388.  
5. N. Koca, N. A. Kocaoglu-Vurma, W. J. Harper, L. E. Rodriguez-Saona, Food Chemistry 121 (3) 2010 778-782.  
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ABSTRACT: Coffee is one of Ethiopia’s main sources of income, that country being the largest producer and exporter of 
Arabica coffee in Africa. Six varieties, Harar, Jimma, Kaffa, Wollega, Sidama and Yirgachefe are grown in the east, west 
and south of the country. The commercial value of the crop is determined by the taste, which is dependent on the variety. 
Currently, the market relies on paper-traceability and is hence susceptible to fraudulent activities, both by the producers and 
purchasers of the coffee. An analytical method would assist in identifying the origin of the beans. An inductively coupled 
plasma-optical emission spectrometer was used to determine the concentrations of Ba, Ca, Cu, Fe, K, Mg, Mn, P, S and Si in 
beans collected from the regions. Principal component analysis was used to explore the natural groupings of the samples 
based on their elemental concentrations. Linear discriminant analysis provided classification models with an accuracy of 
92% for the region of production and 79% for the variety. The elements that were most discriminating were Cu, Fe, Mn, P 
and S. The results indicate that initial screening using spectrometric analysis could serve to characterize the product and 
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ABSTRACT: In this study, edible oil samples from seven different vegetable oil sources (sunflower, corn, olive, canola, mus-
tard, soybean and palm) were analyzed via Raman spectroscopy. This technique enabled the visual discrimination of differ-
ent vegetable oils via their unique barcode figures. Visible differences were supported with chemometric analysis. For this 
purpose, principal component analysis was applied for the classification of set of samples by their level of differences arising 
from their barcode data. In addition, barcodes generated based on the Raman spectral data of seven vegetable oils were 
used for the determination of the eight fatty acids (palmitic (16:0), stearic (18:0), oleic (18:1n-9), linoleic (18:2n-6), α -
linolenic (18:3n-3), cis 11 eicosenoic (20:1n-9), erucic (22:1n-9) and nervonic (24:1n-9)) with R2 values in the range of 
0.989 - 0.970. Chemometric analysis, namely, principal component analysis (PCA) and partial least square (PLS) methods 
were used for data analysis. PCA was applied for discrimination of the samples according to the differences in their levels 
arising from their barcode data. A successful differentiation, based on second derivative barcodes of Raman spectra (2D-
BRS) of vegetable oils was obtained. In addition, PLS method was applied on 2D-BRS in order to determine the major fatty 
acid (FA) composition of these samples. Coefficient of determination values for 16:0, 18:0, 18:1n-9, 18:2n-6, 18:3n-3, 
20:1n-9, 22:1n-9 and 24:1n-9 were in the range of 0.970-0.989. Limit of detection (LOD) and limit of quantification (LOQ) 
values were found to be satisfactory (0.09–8.09 % and 0.30–26.95 % in oil) for these FAs. Advantages of both chemometric 
analysis and spectral barcoding approach have been utilized in the present study. Taking the second derivative of the Raman 
spectra has minimized background variability and sensitivity to intensity fluctuations. Spectral conversion to the barcodes 
has further increased the quality of information obtained from Raman spectra and also gave us a possibility to improve the 
visualization of the data. An optimization study has been performed in order to analyze the effect of different threshold val-
ues on the success of the developed method. Threshold value was optimized as %1 of the maximum absolute value of the se-
cond derivative and values lower than this threshold have been neglected in order to prevent the negative effects of these low 
intensity information on the spectral data analysis. As a result, applicability of spectral barcoding approach on Raman spec-
tral data of vegetable oils has been presented with the present study. Converting Raman spectra of oils into barcodes, device 
readable representation of data, enables simpler presentation of the valuable information, and still allows further analysis 





 Wine Analysis by ICPMS-2030 
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ABSTRACT: Strict and steady control from the origin of the food to the final product is needed to protect customers against 
undesired contaminations and guarantee a high level of quality. 
For simultaneous quantitative determination of the inorganic elements in wine, ICP-MS is the most preferable tool for quali-
ty control because of a high sensitivity (trace detection), a wide dynamic range and a high sample throughput. The Shimadzu 
ICPMS-2030 constitutes an easy and fast system to meet these requirements. Focal point in this market will certainly be the 
simultaneous evaluation of nutritional elements present in high concentrations (Na, K, Ca, Mg…), in combination with the 
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ABSTRACT: 
Infrared spectroscopy is one of the most useful analytical tools for the exploration and characterization of bio-chemical 
properties and components of plants. The purpose of the present work is the study and evaluation of the information con-
tained in a hyperspectral image of the olive fruit. By using mid-infrared microspectroscopy, it is possible to build a hyper-
spectral image through the collection of spectral data from a sample with spatial resolution. Analysing the results of the col-
lected spectra, they can be mapped in two dimensions to produce an image of the spatial distribution of chemical compo-
nents across a sample. In our case, the procedure consists in recording FT-IR spectra along a fresh and properly cut and 
prepared area of the sample, olive fruit.Samples of olive fruit were collected during the ripening process which include sev-
enteen weeks. 
We have been exploring different treatments of hyperspectral data, specially focusing on either univariated and multivari-
ated procedures. The univariated analysis can be useful to observe the distribution of a single band of the IR spectra in the 
selected visible image, through the use of false-colour distribution maps. Moreover, a more advanced treatment can be per-
formed with the intensities ratio of several infrared bands. But the most relevant methods to obtain bio-chemical information 
about the samples are the multivariated ones, because the univariated procedures can miss information of the entire range of 
the spectrum and the distortion effects between bands can always exist. Thus, we are working on the use of the principal 
component analysis (PCA) to a better understanding and discrimination of the olive tissues and to monitor bio-chemical 
changes taking place into the ripening process. 
The FTIR hyperspectral images obtained using the classic method have allowed us to distinguish characteristic IR bands for 
both epicarp and mesocarp. Also, the phenomenon of olive oil accumulation in flesh vacuoles can be observed through the 
use of the intensities ratio between bands at 1742 cm
-1
 and 1687 cm
-1
. Using the multivariate data analysis, it has been pos-
sible to reduce the number of variables, but preserving the most relevant information. It also can allow us to look for compo-
nents that can be distributed differently in the samples and can contain different spectral contributions.  
Having examined the loadings of the principal components, there are some spectral contributions helping to distinguish be-
tween olive tissues, as 1713 cm
-1
 and 1515 cm
-1
, related to the C=O-H group of cutin esters and aromatic compounds, re-
spectively. In the loading graphs, it is also remarkable the relation existing between certain bands of the IR spectrum. In 
conclusion, this work shows the potential of the treatment of FTIR hyperspectral images when interpreting chemical pro-
cesses in tissue samples. 
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ABSTRACT: The concentrations of arsenic (As) and cadmium (Cd) in the tobacco leaves, ash and smoke of 10 kinds of ciga-
rettes collected from different countries worldwide were determined by ICP-MS after microwave-assisted digestion.  Total 
As and Cd concentrations in the tobacco leaves ranged from 0.20 mg kg
-1
 to 0.63 mg kg
-1
 and 1.8 mg kg
-1
 to 9.9 mg kg
-1
, re-
spectively.  By the speciation analysis of As in tobacco leaves and ash by HPLC-ICP-MS following acid extraction, arsenite 
[As(III)] and arsenate [As(V)] were determined and trace amount of monomethylarsonic acid (MMAA), dimethylarsinic acid 
(DMAA), trimethylarsine oxide (TMAO), tetramethylarsonium (TeMA) and some unidentified As species were also found.  
Arsenic speciation for the smoke absorbed in an aqueous solution was carried out.  The sum of As species in tobacco leaves, 
ash and smoke was in good agreement with the result of total As determination in each sample, and the recoveries of specia-
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ABSTRACT: Nowadays there is a growing interest of researchers for the application of sophisticated analytical techniques 
in conjunction with statistical data analysis methods to the characterization of natural products to assure their authenticity 
and quality and to allow direct analysis of food to obtain maximum information. In this work, time-of-flight secondary ion 
mass spectrometry (ToF-SIMS) in conjunction with principal components analysis (PCA) are applied to study the chemical 
composition and variability of different food matrices: 
- Sardinian myrtle (Myrtus communis L.): both berries alcoholic extracts and berries epicarps were analyzed. ToF-SIMS 
spectra show that the epicuticular waxes consist mainly of carboxylic acids with chain length ranging from C20 to C30, or 
identical species, formed from fragmentation of long-chain esters. PCA of ToF-SIMS data from myrtle berries epicarp dis-
tinguishes two groups characterized by a different surface concentration of triacontanoic acid. Variability in antocyanins, 
flavonols, α -tocopherol, and myrtucommulone contents is showed by ToF-SIMS PCA analysis of myrtle berries alcoholic 
extracts. 
- Seggianese olives and olive oil: three different groups of Seggianese olives: (i) treated with an insecticide (dimethoate) and 
a fungicide (copper oxychloride) (TU); (ii) untreated (UT); and (iii) treated-washed (TW) have been analyzed by ToF-SIMS. 
Intact olive slices and olive oil were analyzed. Principal component analysis (PCA) of the Tof-SIMS spectra were used to 
investigate differences/similarities among samples. Results showed that TW olives were more similar to UT samples than to 
TU samples. However, the washing process was not totally effective, since the treatment was able to induce alterations in the 
composition of the olives. 
- Peaches and nectarine: samples of yellow-fleshed peaches (Prunus persica L. Batsch) and yellow-flesh nectarines (Prunus 
persica L. Batsch, var. Nectarina) of four different cultivars (RomeStar, ZeeLady, peaches; Venus, Nectaross, nectarines) 
from two geographic areas of Southern Italy, “Piana di Sibari” and “Piana di Metaponto”, located on the Ionian coast of 
Calabria and Basilicata regions were analyzed. ToF-SIMS analysis confirmed the presence of Cyanidin and Phosphatidyl-
choline in the skin of peaches and nectarines, and Cyanidin, Phosphatidylcholine, Oleic Acid and Coniferyl Alcohol in the 
skin of seed. The Cluster analysis obtained from the skins of the seeds, constitutes a viable option for the geographical char-
acterization of peaches and nectarines.  
ToF-SIMS conjugated with statistical data analysis is a promising method for thoroughly investigating the chemical compo-
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ABSTRACT: Within the scope of this study, a novel sandwich method based on rolling circle amplification (RCA) and sur-
face enhanced Raman spectroscopy (SERS) have been developed as an alternative to polymerase chain reaction (PCR) for a 
rapid, sensitive and selective analysis of genetically modified organism (GDO). In this regard, gold (Au) surface, Au nano-
particles were used. After the optimization of nanoparticle surface modification and RCA parameters, an oligonucleotide 
probe which is specific to target sequence (35S DNA promoter) was immobilized onto the Au slide, and RCA reaction was 
performed successfully. A self-assembled monolayer was formed on Au nanoparticles by using 5,5’-dithiobis (2-nitrobenzoic 
acid) (DTNB), and the second probe of the 35S DNA promoter was immobilized on the activated Au slide surfaces. Quantifi-
cation of the target sequence concentrations was performed via SERS spectra of DTNB on the Au nanoparticles. SERS spec-
tra of target molecules were enhanced with the RCA reaction, and the detection limit was found to be 6.3 fM. The sensitivity 
of the developed RCA-SERS method was compared with the traditional method, and the detection limit was found to be 0.1 
pM. Efficiency of the developed RCA-SERS method was analyzed in real system by amplifying the 35S promoter of Bt-176 
maize gene with PCR. The results has shown that the developed RCA-SERS sandwich assay method is quite sensitive, selec-
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ABSTRACT: Selenium is an essential micronutrient playing a vital role in many biochemical and physiological processes. 
The deficiency of selenium is a world-wide problem which is addressed by supplementation. Selenium-enriched yeast is a 
popular food supplement and an established ingredient of Se-enriched premixes and finished feed products. The under-
standing and optimization of the biochemical processes of Se incorporation during yeast growth and the characterization 
of the final products requested by regulatory agencies require the development of suitable methods for speciation analy-
sis. 
Most of the methodological developments concerning the analysis of selenized yeast have been focused on the quantitative 
determination of selenomethionine (SeMet). Selenocysteine was hardly considered because of the absence of the seleno-
cysteine insertion codon (UGA). These efforts culminated at the issue of a certified reference material (SELM-1) and re-
sulted in the acceptance of the SeMet content as an indispensable parameter of the quality control of marketed yeast 
products. The other mainstream of analytical chemistry developments included the identification of the myriad of selenium 
metabolites allowing the quasi-complete characterization of the water soluble part of the Se yeast metabolome. To date, 
the mass balance of the determined selenium species has been showing the existence of “missing” selenium, species that 
could not be properly identified and determined.  
The goal of the research was to find in which form these unaccounted for selenium species are present and to quantify 
them. We demonstrated unambiguously that despite of absence of UGA codon selenocysteine (SeCys) can be produced by 
yeast. The contribution discusses a systematic development of an analytical method for quantification of selenocysteine in 
Se-rich yeast. It is complemented by a study of the reactivity of Se-species during derivatization by carbamidomethylation. 
It was carried out by electrospray MS2 after purpose-designed 2D HPLC purification using ICP MS monitoring. The de-
veloped procedure allowed us to account for a missing fraction of ca. 15% of Se in the yeast sample. 
The investigation of the remaining fraction demonstrated the presence of Se nanoparticles. Consequently, we developed 
an extraction procedure followed by their determination by single-particle ICP MS method for an acquisition in a single 
particle (SP) mode.  
 






Application of Solid Sampling for the Determination of                   
Total Fluorine in Some Fish Varieties and Other Seafoods                 
by High-Resolution Continuum Source Graphite Furnace             







Department of Chemistry, Istanbul Technical University, Maslak, Istanbul, Turkey.  
*nil.ozbek@itu.edu.tr
ABSTRACT: Fluorine is the most abundant halogen and the thirteenth most common element in Earth’s crust. Flourine pre-
vents the cavities and improves the oral and bone health whereas excessive fluoride consumption may cause dental and skel-
etal fluorosis, lead to increased likelihood of bone fractures, and oxidative stress in the liver. The main sources of fluoride 
that have been associated with increased dental fluorosis are fluoridated water, fluoridated supplements, foods and fluori-
dated dentifrices. Flourine compounds, organic or inorganic, are commonly used in productions of pharmaceuticals, poly-
mers, pesticides, surfactants, refrigerants while added to toothpastes and drinking waters. Therefore, it can be expected that 
free fluoride ions or covalently bound organic and biological fluorine compounds released  to aquatic environment from 
various sources due its commonly uses in many products. In addition, from combustion of coal, fluorine released to atmos-
phere and its transfer to aquatic environment may be expected. As a result, fluorine concentrations in fish samples should 
need great attention.  High-resolution continuum source AAS (HR-CS AAS) provides a very high resolution so that it is pos-
sible to isolate a very narrow wavelength overlapping exactly with the center of the analytical line of the molecule. Moreo-
ver, since the three dimensional wavelength-time resolved absorption spectrum in the near vicinity of the analyte line can be 
visualized, the spectral interferences originated from matrix components formed in the graphite furnace can be controlled. 
Due to its unique properties, HR-CS AAS is an appropriate instrument to determine non-metals. Fluorine has been deter-
mined via molecular absorption of CaF, BaF, GaF, AlF, SrF formed in flame or graphite furnace of HR-CS AAS using solu-
tion and solid sampling techniques. In this study, total fluorine concentrations in some fish species as well as mussels, 
squids(calamary) and shrimps were determined by means of molecular absorption of calcium monofluoride generated in a 
graphite furnace using high resolution continuum source atomic absorption spectrometer and direct solid sampling tech-
nique. The fish fillets and other seafoods were dried at 110 °C, minced finely, put on the platform below 1 mg and introduced 
to the graphite furnace together with 20 µg of calcium by means of a solid sampler. The effects of CaF wavelength, graphite 
furnace program, amount of sample introduced to the furnace, the use of modifier as well as coating the graphite tube with a 
permanent modifier on the determiation of fluorine were investigated and optimized. Fluorine was determined at 606.440 nm 
via molecular absorption of CaF applying a pyrolysis temperature of 1000 °C and a molecule forming temperature of 2200 
°C using aqueous F standards for calibration. The absolute limit of detection and characteristic mass of the method were 
0.18 ng and 0.14 ng of fluorine, respectively. The fluorine in a CRM and the spikes added to some solid fish portions were 
satisfactorily recovered. By applying the optimized parameters, the concentrations of fluorine in various fish species and 
seafoods were determined. Finally, micro-scale distributions of fluorine in fish samples were determined.  
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ABSTRACT: Olive cultivation and olive oil production are a worldwide important business, typically concentrated in the 
Mediterranean countries. Olive growing has become more intensive over the last three decades, and is using an increasing 
amount of agricultural land and resources. To maximize olive production with the minimum environmental cost, it is neces-
sary to realize a correct fertilisation, since there is an optimal level of nutrients for maximum yield while excessive fertilisa-
tion has negative environmental effects. Suitable fertilisation decisions require characterization of plant nutritional status. 
Currently, this is carried out by chemical analyses of leaf samples performed in the laboratory. These analyses normally in-
clude long and tedious samples preparation, and further measure by titration, inductively coupled plasma (ICP), and atomic 
absorption spectroscopy (AA) among others. Because these methods are expensive and time consuming, especially when 
working with high amount of samples, the situation calls for the introduction of an efficient measurement method that can 
effectively replace the traditional laboratory routine analysis. In this way, spectroscopic techniques with no sample prepara-
tion emerge as an alternative that can provide similar results than laboratory techniques for plant macro and micronutrients 
measurement. Fourier Transform Near Infrared Spectroscopy (FT-NIR) and X-Ray Fluorescence (XRF) was applied to olive 
leaf samples, with light sample preparation (only oven dried and grounded), in order to determine their content in N, P, K, 
Ca, Mg, Mn, Zn and B, principal nutrients for olive. Predictive models were constructed using Partial Least Squares Regres-
sion (PLSR) technique for FT-NIR and XRF separately, obtaining unequal models for nutrients. The aim of present study 
was try to investigate the combination of these two spectroscopic techniques combine with chemometrics, using different 
data fusion levels in order to get more robust and accurate predictive models, comparing performance of different data fusion 
levels. Low-level data fusion, which consist in a fusion or concatenation of both raw data, lightly improve some predictive 
models like Ca, Mn and B, but get some poorer models for some nutrients like N, cause XRF is not as sensitive as FT-NIR to 
organic phase and direct fusion of data prove not to be the best option. Mid-level data fusion consists in a previous variable 
selection or transformation using chemometrics, like principal component analysis, and using these fused variables for the 
construction of predictive models. In our case mid-level data fusion was performed over the scores obtained from PCA of 
both FT-NIR and XRF, and predictive models obtained using PLSR get better prediction results for Mn, Zn, B and especially 
for P, being the other models similar to the obtained without fusing data. This demonstrates that data fusion of FT-NIR and 
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ABSTRACT: Soybean and its derivatives are one of the most valuable and traded agricultural commodities worldwide. The 
major problem faced by the producers which threatens the yield of soybean, is associated to diseases. In Brazil, the green 
stem and foliar retention (GSFR) disease was recently described as affecting soybean plants, for which no effective method 
of early diagnosis and treatment is known. In an attempt to investigate plant changes caused by GSFR infection, pelletized 
leaves from healthy and sick soybean plants of two varieties from two different places of Brazil were evaluated 
comparatively by laser-induced breakdown spectroscopy (LIBS) for their content of the three macro nutrients Ca, K and Mg. 
Atomic Absorption Spectrometry (AAS) was used as the reference technique. The relative simplicity of LIBS instrumentation 
and the minimal sample preparation required makes it a valuable tool to be applied to the nutritional investigation and 
disease diagnosis of plants. The Pearson coefficients obtained for the correlation between LIBS and AAS data were close to 
0.80 for the three nutrients analyzed, which can be considered good for the complex biological matrix analyzed. The Student 
t-test was applied separately to the normalized broadband spectra of healthy and infected leaves of the two soybean varieties 
by comparing the spectra intensity in order to explore the spectral ranges that present the most significant differences for 
Ca, K and Mg peaks, so reducing the spectral data and the computational cost of analysis. Results obtained by principal 
component analysis (PCA) applied to reduced data allowed to discern between healthy and infected plant leaves with 84% of 
variance retained by the two first principal components. In particular, the PCA loading of the specific ranges selected by the 
statistical test and the PCA score-plot of principal components 1 and 2, showed that a higher Ca and Mg content in leaves 
was related to healthy soybean leaves, whereas a higher K content could be related to the development of the GSFR disease. 
Further, these findings were in good agreement with the corresponding results obtained by the AAS reference technique. 
LIBS data analyzed by classification via regression (CVR) associated with partial least square regression (PLSR) yielded 
success rates higher than 80% in differentiating healthy and infected soybean leaves. The capacity of LIBS to discriminate 
between healthy and diseased soybean plants of two varieties thus confirms the robustness of the technique applied to 
complex biological matrices. This also in comparison to the conventional AAS technique, which can be high susceptible to 
errors, as it involves laboriously and time-consuming steps. In conclusion, this study demonstrates the possibility of using 
LIBS as a promising and convenient analytical GSFR diagnostic tool able to discern between healthy and GSFR-infected 
soybean plants by analyzing the three macronutrient Ca, K and Mg, thus contributing to find sustainable solutions to early 
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ABSTRACT: Liquid analysis by LIBS is so complicated process due to difficulties with formation of plasma in liquid and 
collection of light. To avoid these, some approaches are performed such as aerosol formation and transforming of liquid to 
solid state. However, performance of LIBS in liquid samples is still controversial. In this study, a comparative study was per-
formed to determine the performance of LIBS in liquid and solid phase samples. For this purpose, milk was chosen as model 
sample so milk powder as solid sample and milk as liquid sample were used in experiments. Different experimental setups 
have been constructed for each sampling technique. A rotary table was used for solid sampling technique to measure many 
regions of sample and an airbrush was used for liquid sampling technique to produce aeresol phase as commercially availa-
ble systems. Then optimizations were performed to determine suitable parameters such as delay time, laser energy, repetition 
rate, speed of rotary table for solid sampling technique and flow rate of carrier gas for liquid sampling technique. The effect 
of parameters on signal to noise ratio (SNR) and relative standard deviations (RSD) were investigated. Target element was 
determined as Ca which is critically important element in milk for determining of nutritional value and determining of Ca 
addition. For data analysis standard calibration method and multivariate data analysis techniques were performed and 
compared with each other. Indicators of method performance values such as R
2
 and relative standard deviation (RSD) val-
ues were calculated. In optimum parameters limit of detection (LOD), limit of quantification (LOQ) and RSD values were 
calculated as 2.73%, 8.26% and 5.37% respectively for milk powders samples while LOD, LOQ and RSD values were calcu-
lated as 0.12%, 0.37%, and 6.10% for milk samples.  It can be said that LIBS is applicable method in both liquid and solid 
samples with suitable systems and parameters. It was shown that applicability of simple systems for liquid analysis instead of 
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ABSTRACT: Coffee is one of the most popular beverages around the world. Its economic value as well as drink quality 
features are strongly related to the presence of defective beans, specially those called Black, Green and Sour (BGS). Blends 
of the cited beans in coffee causes negative impacts on the beverage quality. In order to aggregate value and expand inter-
nal consumption, the Secretary of Agriculture of São Paulo/Brazil, established the maximum contents of BGS defects in 
different coffee classes: for Gourmet (0%), Superior (up to 10%) and Traditional (up to 20%). Despite norms, quality is still 
assessed by a panel of expert tasters by using a subjective, costly and slow analysis. Thus, a simple, fast, low-cost and reli-
able analytical method is important for coffee quality control for a highly standardized, competitive and modern coffee 
industry.  Laser-Induced Breakdown Spectroscopy (LIBS) stands out as a promising technique since it does not require (or 
requires minimum) sample preparation, allowing a simple, fast and multielemental analysis. The aim of this reported study 
was to develop a LIBS-based method for detection of coffee adulteration related to the mixes of BGS. For this purpose, 
unroasted good and BGS beans were individually milled using a cryogenic mill. Masses of good and defective beans were 
mixed to produce calibration and test sets. For the calibration set, BGSs were mixed with the good beans sample to produce 
standards of:  0, 3, 6, 9, 12, 15, 18, 21, 24, 27 and 30% of BGS. For the validation set, the produced samples contained: 4, 
6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and 28% of BGS. The mixtures were homogenized using a mortar and a pistil and 
converted into pellets by the application of 10 tons of pressure. This procedure was repeated in order to obtain five pellets 
for each mixing conditions. Then, the pellets were carried to LIBS analysis and  40 laser pulses were applied for each pel-
let. The obtained spectra were preprocessed by using Standard Normal Variate (SNV) to minimize natural measurements 
fluctuations and 1st derivative. Spectral ranges firstly considered were that corresponding to emission lines of C,H, N and 
O, which are elements predominantly present in organic compounds: C (191,8- 195,3nm), N (741,7 - 743,57nm), N (743.67-
746.0 nm), N (746.0 - 749.0 nm), C2 (515.3-517.1 nm), CN (384.6-389.9 nm, H (625.9-685.8 nm) and O (773.6 - 782.5 nm). 
Relevant variables were selected by using highest linear correlation between the percentage of defective BGS and  variation 
rates (maximum and minimum) of mentioned lines. Variables showing correlation coefficients higher than 0.6 were selected 
for building calibration models: maximum of C(I) 193.0 nm, minimum for the N(I) lines (742.3 nm and 746.8 nm) and Oxy-
gen (I) (777.4 nm). Using these variables a linear multivariate calibration model was built. The model showed r and Root 
Mean Squared Error Calibration (RMSEC) of 0.95 and 2.5%, respectively. For the prediction of the validation samples , r 
= 0.95 and RMSEV = 2,8%. These results shows the potential of LIBS to be used in coffee industry for quality control. The 
proposed method is simple fast and robust for evaluated conditions. 
  Acknowledgements: Consórcio Pesquisa Café, FAPESP e CAPES 
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ABSTRACT: Our research group has been working on exploring the analytical applications of Laser 
Induced Breakdown Spectroscopy (LIBS). During the last years, a very significant part of it has been 
dedicated to applying LIBS for the development of methodologies for the traceability, adulteration and 
quality assurance of food. Successful results have been achieved in the analysis of wines in order to 
preserve the Protected Denomination of Origin (PDO), adulteration in honey, olive oils and milk
1,2
. As 
all these samples have a different nature and laser-matter interaction, thus in each case a separate 
protocol for LIBS measurements and sample preparation was designed. A very important part of this 
research is the development and progress made in the data analysis, applying a wide range of 
chemometric methods and evaluating the essential parameters needed to be considered for a 
classification process
3
. Therefore, this work includes a review of all these studies presenting the 
procedure from sample preparation to LIBS measurements and data analysis, along with important 
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Determination of Cu, Fe, Mn and Zn in wheat flour using TXRF: 
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ABSTRACT: Total reflection X-ray fluorescence (TXRF) is a multi-elemental technique that meets the requirements for trace 
analysis of different kind of samples. One of the main advantages is the simplicity of the sample preparation procedure with-
out digestion. Recent applications of TXRF in food analysis were reported showing that this technique offers a fast way to 
perform quantitative analysis with detection limits (LOD) comparable to other atomic techniques such as flame absorption 
atomic spectroscopy (FAAS), electrothermal absorption atomic spectroscopy (ETAAS) and inductive coupled plasma optical 
emission spectroscopy (ICP-OES) widely used for trace element analysis in food. Four essential trace elements present in 
wheat flour were determined using TXRF and the results were compared with those obtained performing classical analysis 
using FAAS (Fe, Zn) and ETAAS (Cu, Mn). For TXRF analysis wheat flour was sieved and 500 mg were suspended in 10 mL 
of HNO3 20 % (w/v) with Ga as internal standard (100 ng). 5 µL of each sample were deposited on a quartz sample carrier 
and dried on a hot plate at 60°C. The measurements were performed using a Bruker S2 Picofox equipped with Mo tube, op-
erated at 50kV and 600 µA, and Silicon-Drift Detector. Each replicate was measured for 300 seconds. Quantitative analysis 
was performed by internal standard addition procedure. A microwave-assisted digestion was carried out for the determina-
tion of Cu and Mn by ETAAS and Fe and Zn by FAAS. 0.5 g of each sample were digested with 6 mL of HNO3 (ramp for 15 
minutes until power 600 W then hold for 15 minutes) after the digestion the volume was completed to 10 mL with ultrapure 
water. A certificate reference material (CRM-Wheat flour, NIST 1567a) and five commercial samples were analyzed. LOD 
using TXRF were 0.29 mg kg 
-1
(Cu), 0.55 mg kg 
-1
(Mn), 0.44 mg kg 
-1
(Fe) and 0.27 mg kg 
-1
(Zn). In the case of ETAAS, LOD 
were 0.014 mg kg 
-1
(Cu) and 0.64 µg kg 
-1
(Mn) while for FAAS where 0.20 mg kg 
-1
(Fe) and 0.08 mg kg 
-1
(Zn) using the 3s 
criteria. Recovery percentages for the CRM analysis ranged from 96 to 116 % for TXRF and from 97 to 109 % for ETAAS 
and FAAS for all the elements. Precision for TXRF depends critically on the particle size of the sample when the suspension 
was prepared. In optimum conditions the RSD % was less than 9 % for all the studied elements (n=6). For FAAS the RSD % 
was less than 7 % while for ETAAS was less than 9 % in all cases (n=6). Concentration levels of the four elements for the 
commercial samples differed in less than 12% between TXRF and FAAS or ETAAS. For this matrix LOD are significant low-
er for FAAS and ETAAS than for TXRF, but for Cu, Fe, Mn and Zn determination, TXRF is a suitable technique with accu-
rate results and the advantages of the simple sample treatment procedure. For good precision particle size of the sample 
must be exhaustively optimized. TXRF is a promising technique for routine and screening analysis in foodstuff very fast and 
simple to perform and environmentally friendly. Acknowledgements: Comisión Sectorial de Investigación Científica (CSIC) 
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ABSTRACT: Milk due to its nutritional importance is among the most consumed food and has a great 
economic importance. Therefore, it is one of the main targets of adulteration, where mixing milk of different 
animal species, fat replacement and modification of the protein content by introducing an adulterant such as 
melamine (C3H6N6) are among the most common ones [1,2]. The addition of water has only economic and 
nutritional effects, however, the mixture of milk from different animal origin can produce adverse allergic 
reaction and the addition of melamine to increase the protein content causes serious health problems such as 
kidney disorder and even death of the consumer [3]. Furthermore, adulteration with melamine cannot be 
easily identified in routine analysis as the non-protein nitrogen detection by usual procedures for protein 
determination is not possible. Although there is a need in the food industry to improve quality and process 
controls, the application of LIBS technique in food control analysis has not been sufficiently explored and 
only few studies can be found in literature. The present work focuses on the development of a fast and cost 
effective method based on Laser Induced Breakdown Spectroscopy (LIBS) to the quality control, traceability 
and detection of adulteration in milk. Two adulteration cases have been studied; a qualitative analysis for the 
discrimination between different milk blends and quantification of melamine in adulterated toddler milk 
powder. Principal Component Analysis (PCA) and Neural Networks (NN) have been used to analyze LIBS 
spectra obtaining a correct classification rate of 98% with a 100% of robustness. For the quantification of 
melamine, CN emission band were used employing multivariate calibration NN model obtaining correlation 
coefficient (R2) values of 0.999. The results of the use of LIBS technique coupled with chemometric analysis 
are discussed in terms of its potential use in the food industry to perform the quality control of this dairy 
product. 
REFERENCES 
[1] P.M. Santos, E.R. Pereira-Filho, L.E. Rodriguez-Saona, Rapid detection and quantification of milk 
adulteration using infrared microspectroscopy and chemometrics analysis, Food Chemistry, Volume 138, 
Issue 1, 1 May 2013, Pages 19-24 
[2] Application of polymerase chain reaction for detection of goats’ milk adulteration by milk of cow. Jacek 
Bania, Maciej Ugorski, Antoni Polanowski, Eryk Adamczyk, Journal of Dairy Research (2001) 68 333–336. 
[3] Pei, X., Tandon, A., Alldrick, A., Giorgi, L., Huang, W., & Yang, R. (2011). The China melamine milk 
scandal and its implications for food safety regulation. Food Policy, 36(3), 412-420. 
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The system of quality assurance to control fraud, preserve the Protected Denomination of Origin (PDO) and special charac-
teristics of honey is regulated by law [1]. The amount and relative proportion of the mineral elements such as Mg, Ca, K and 
Na in honey depends on several factors such as flowering, flowers type, climate, water availability and quality, soil type and 
the way in which the honey is elaborated and stored [2,3]. Laser induced breakdown spectroscopy (LIBS) has been a subject 
of research for the past few decades because of its unique features and wide variety of applications in various fields. In re-
cent years, LIBS has become a powerful analytical tool because of its ability to carry out a rapid qualitative and quantitative 
analysis of different samples [4]. LIBS analyzes a sample by direct measurement of the atomic emission of the elements from 
a laser-induced plasma generated by the ablation of the sample, providing an immediate spectral fingerprint that is repre-
sentative of its elemental composition. Moreover, the technique requires little or no sample preparation. Although there is a 
loss of molecular information in plasma, this technique has provided excellent results for the identification of many polymer 
organic compounds, explosives, and bacteria. The intensities of C, H, N, and O lines and the C/H, C/O, and C/N intensity 
ratios have been used for the classification of organic compounds [5]. In this work, a quick and cost effective method based 
on Laser Induced Breakdown Spectroscopy (LIBS) and Neural Networks (NN) has been developed and applied to the identi-
fication of the quality control and PDO of honey. The samples analyzed belonged to the most important Spanish PDOs. In-
stant identification of the samples was achieved using a spectral library, which was obtained by analysis of representative 
samples using a single laser pulse and treatment by NN. The results obtained allowed the identification of the honey tested 
with a certainty of above 98%. Single-shot measurements were enough for clear identification of the samples.                                 
References:  
[1] Regulation (CE) 1151/2012 of the European Parliament and Council, November 21, 2012.  
[2] Zhilin Gan et al. Using sensor and spectral analysis to classify botanical origin and determine adulteration of raw hon-
ey. Journal of Food Engineering Volume 178, June 2016, Pages 151–158 
[3] Mircea Oroian et all. Heavy Metals Profile in Honey as a Potential Indicator of Botanical and Geographical Origin. 
International Journal of Food Properties. Volume 19, Issue 8, 2016  
[4] S. Moncayo et al. Classification of red wine based on its protected designation of origin (PDO) using Laser-induced 
Breakdown Spectroscopy (LIBS). Talanta 158 (2016) 185–191. 
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ABSTRACT: Optical and spectroscopic techniques offer unique possibilities for non destructive or microdestructive charac-
terization of painted Cultural Heritage surfaces. The development of fast laser scanners in combination with sensitive CCD 
detector gave the chance to design and operate portable systems suitable to in situ an remote spectroscopic imaging. At 
ENEA Frascati different prototypes have been developed and patented to collected reflectance and fluorescence  images 
excited  at different ultraviolet and  visible laser wavelengths, Raman and LIBS signals. Portable integrated instruments 
suitable for operation at different distance from a 1.5 to 30 m, have been assembled and operated in laboratory on multi-
layered samples and in field campaigns on CH painted  surfaces. ILS (Integrated Laser System) prototype, realized for re-
mote (LISB/RAMAN/LIF) within the European  EDEN project,  LIRA (LIBS/Raman) and CALIFFO (LIF) compact low cost 
instruments, both realized within the COBRA regional project will be presented. Results will be shown for LIBS stratigraphy 
in comparison with other spectroscopic laboratory techniques, and for LIF/Raman results obtained on historical pigments 
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ABSTRACT: The paint layers of art objects are daily subject to aggression by atmospheric agents that, with different mecha-
nisms of degradation, can damage them irreparably. The main causes of alteration in artistic materials are climate, weather 
and biological agents. The degradation patterns occur also in commercial materials used for conservation and restoration, 
sometimes with unknown and unpredictable mechanisms. The evaluation of stability of commercial products, used in conser-
vation, is so fundamental in assessing their possible use and for this several techniques can be applied. A lot of techniques, 
requiring micro-samples, cannot be used in conservation especially do to the difficulty or impossibility to repeat the meas-
urements in the same points and during time. The aim of this contribution is to investigate the stability of a selected number 
of painting materials by different spectroscopic techniques and under different ageing conditions. The aim is also to evaluate 
the sensitivity of the chosen techniques in identifying the variations on paint layers, induced by photo-degradation, before 
they could be observed by eye; furthermore, the aim is also to use, by multivariate approach, the supervised classification 
methods for monitoring the painted surface changes. As painting materials, starting from previous studies, some commercial 
water colours, supplied by Winsor&Newton, and a conspicuous group of natural ochre and earths (whose origin is known 
and applied by Arabic gum as binder in order to have the same binder of commercial water colours) were selected in order 
to compare their stability. All pigments were characterized by different analytical techniques such as: X-ray fluorescence 
spectroscopy, Fourier transform infrared spectroscopy, X-ray diffraction, in order to know the composition of the chosen 
materials. These painting materials were applied on setting layers in order to create colour check tables with 54 different 
pigments, both organic and inorganic, for simulating the high variability on real artwork. One table was used as blank. The 
other two were aged under controlled UV irradiation. In particular one table was aged in Solar Box chamber under the fol-
lowing conditions: temperature 55 °C, irradiation power 550 W/m
2
, UV filter at 280 nm, relative humidity 50%. The other 
one was aged at ambient temperature under UV lamps Philips TUV36 operating at 36W, emission at 250 nm. Measurements 
were taken at 0, 196, 268 and 504 hours. Colour and chemical changes were investigated by reflectance spectrophotometry 
in the visible range through a X-Rite CA22 spectrocolorimeter and hyperspectral imaging (HSI), in particular in the SWIR 
range by Sisuchema XL (Specim®). The choice of these techniques allowed non-invasive and non-destructive control, exactly 
in the same points, of the variations in the painting samples before the changes could be observed by naked eyes. Data from 
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ABSTRACT: In this research work ATR-FTIR spectroscopy was used for a systematic investigation of the chemical changes 
induced in oil paints by the presence of selected copper-based green pigments. This class of pigments, widely used in tradi-
tional oil painting, has deserved particular interest by restorers and conservation scientists since they play a primary role in 
the chemical decay of the paint organic matrix. The impact on the aesthetic value of precious artworks is significant, being 
darkening of the paint surface the most dramatic effect. In order to explore the reactivity of different copper-based green 
pigments, oil paint mock-ups with neutral verdigris, emerald green, chrysocolla and malachite were prepared and aged in 
conditions of controlled RH% (45% and 90%) and temperature (40°C). These pigments, indeed, have very different chemical 
nature, ranging from purely inorganic compounds to organo-metallic complexes, and thus present a variety of physical and 
chemical properties which strongly affect their reactivity. Chemical changes of the model oil paints have been monitored at 
fixed time intervals by ATR-FTIR and reflection FTIR spectroscopy. Spectral data show a remarkable reactivity for all the 
systems at the higher RH% condition, leading to an evident darkening of the paint surface combined with the formation of 
Cu- oxalates and carboxylates. Furthermore changes of pigment molecular structure were observed both for verdigris and 
emerald green. Complementary point and imaging analyses by micro-ATR-FTIR were performed on transversal sections of 
the aged paints in order to provide information on the distribution of the alteration products and possibly on the mechanism 
of formation. In order to support our experimental findings, spectroscopic analyses of micro-samples from a XVI century oil 
painting showing a darkening of the green areas made with a copper-based pigment were performed. The painting, dated 
1573, belongs to the school of Tiziano and its recent restoration at ISCR offered the opportunity of investigating the severe 
alteration state of the green paint. Interestingly, comparing the results collected on the preserved green areas protected by 
the frame with those from the strongly darkened paint on the exposed surface, we found a confirmation for a pronounced 
presence of copper carboxylates and oxalates in the degraded paint. In this presentation an overview of the spectroscopic 
data obtained with different experimental FTIR spectroscopy configurations will be given and the results achieved for a sig-
nificant variety of systems will be discussed attempting to provide a better understanding of this important alteration phe-
nomenon affecting historical paintings. This work has been financially supported by the national research projects SICH 
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ABSTRACT: Due to their particular geochemical properties and stability Rare Earth Elements (REE) can act as a ‘finger-
print’ for soils, and as a consequence have been employed in a variety of different archaeological scenarios in order to iden-
tify past human activities.In this study, for the first time, we apply REE signatures in different Spanish Neolithic settlements, 
all located in the Valle del Serpis region. More than 100 Neolithic settlements have been identified in this area, and most of 
these open sites are characterised by dark brown strata that are in contrast with the light brown soils of the valley. These 
dark brown deposits are usually covered by paleosols and have been interpreted as markers of anthropogenic activities. 
However, in order to demonstrate whether these strata are anthropogenic or natural features requires a better understand-
ing of soil development processes. A total of fifty samples were taken across six different sites, and from each site the sam-
pling was carried out at different depths through 3m deep sections. Four sites are clearly associated with archaeological 
findings (sites BF, LP, PB and AC); another one is from a natural section near the Neolithic site of Mas d’Is (MD) and has 
been radiocarbon dated to the beginning of the Holocene (7751-7611 cal BC); and the last corresponds to a place of uncer-
tain attribution (BK). Major, minor and trace elements including REE were determined using XRF and ICP- MS, with Prin-
cipal Components Analysis (PCA) used to statistically analyze these data.  Results were then compared with the strata soil 
properties analysed by XRD and particle size analysis, and cross-referenced with archaeological data to aid interpretation. 
The results demonstrate that REE analyses provide significant details regarding anthropogenic activities and strata devel-
opment history, and in this instance confirm and elaborate on the archaeological interpretation that these dark brown depos-
its are evidence of a region-wide agricultural system in the Neolithic Valle del Serpis. 
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ABSTRACT: A comprehensive campaign of non invasive spectroscopic analyses was carried out by the European facility 
MOLAB at the Estorick Collection in London. MOLAB is made of a unique array of non invasive portable equipment devot-
ed to heritage science: since 2004 it offers transnational access to European researchers thanks to the support of EU pro-
jects: Eu-ARTECH, CHARISMA and currently IPERION CH (www.iperion.eu). The study, motivated by the Italian Project 
FUTURAHMA (From Futurism to Classicism 1910-1922. Research Art History and Material Analysis), was focused on the 
collection of Futurist paintings which represents an exceptional example of the work produced by the artists affiliated with 
the F. T. Marinetti’s movement during the first two years of their experimentation. In this study, imaging techniques, such as 
multispectral photography (VIS, IR, UV fluorescence, UV reflected) and multispectral infrared reflectography, provided for 
a comprehensive overview of the colour distribution and the execution technique of the Futurist paintings at the Estorick 
collection. Point-analysis techniques, namely X-ray fluorescence, medium and near FTIR, Raman and UV-vis reflection and 
emission spectroscopies, were employed for the chemical identification of the materials. The analytical approach was based 
on the use of the information from the point-analysis techniques, limited to a discrete number of points, as guideline for the 
interpretation of the Vis-NIR multispectral imaging results. A rich palette, including: blues (Thénard’s, ultramarine, Prus-
sian blue), purples (Mn and Co phosphates), yellows/oranges (lead chromate, Cd-based, ochre), greens (emerald green, Fe-
based, viridian), whites (lead white, ZnO, TiO2), blacks (ivory black, Fe-based), and reds (vermillion, CdSSe, organic pig-
ment), was identified. The combined study enabled to clearly point out how these identified pigments were used to produce 
the rich and variegated complex paints characteristic of these artworks. The integrated approach enabled to shed light on 
previously unknown features of the materials and techniques of the futurist painters solving historical questions on dating 
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ABSTRACT: The work deals with one of the unique frescoes of the 16th century with a zoomorphic image of St. Christopher. 
Scanning electron microscopy was the main technology of presented scientific research. Features of the frescoes base and 
paint layers were determined as a result of investigations. One of a great number of saints revered by the Christians is 
martyr Christopher depicted on icons in a rather unusual manner. In Catholicism Saint Christopher (Christ-bearer) is 
portrayed as a giant carrying the blessing child across the river. In Orthodoxy there are three variations of Saint 
Christopher's icons. On certain images he is a fair young man with long hair and a four-point cross in his hand, and on 
others the Saint is portrayed in accordance with the Catholic canons. The most interesting and peculiar St. Christopher's 
icon is the one depicting him with a dog's or horse's head. In Russian icon painting, images of St. Christopher with a 
zoomorphic appearance are known since the second half of 16th and 17th centuries. These images include the fresco 
composition in the Cathedral of the Assumption of the Mother of God on the Island of Sviyazhsk (Russia). Its palette consists 
of seven colours. This signifies that the artwork was created in an early historical period, as starting from the 17th century 
fresco artists significantly increased the number of dye they used. The work includes a research of the gesso and paint layers 
of the fresco painting by means of optical and electron microscopy using Axio Observer Z1 and Axio Imager Z2m AURIGA 
CrossBeam with an Inca X-Max energy-dispersion spectrometer. Research samples were represented by fractures from 
variously coloured sections which contained both paint and the gesso base. The results of gesso research demonstrated that 
it was obtained using dolomite raw material. The research of paint layer fractures revealed numerous sections indicating 
that the wall painting has been subjected to restoration. The paints used by the ancient artists include samples of green and 
blue smalt. One of the dyes used for the purpose of refreshing the red stain was vermilion. The data obtained as a result of 
research using electron microscopy provided most valuable information for art experts, restorers and historians. 
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ABSTRACT: Detailed chemical information about favorite artistic materials and tools can be used for evaluation of works of 
art authenticity however it has to be connected with databases of reliable data about unquestionable original works of se-
lected Authors. Systematic building of such database was started few years ago for the most famous Polish painters includ-
ing Jacek Malczewski, Olga Boznańska and Jan Matejko. The historic and artistic value of their works remarkably limited 
possibilities for taking samples and only microscopic particles were taken. Depending on the structure and thickness of  par-
ticular painting layers the amount and size of sampled particles varied from one object to the other. The decision about the 
way of sampling was made individually by the conservator. Micro-samples were taken from selected paintings representing a 
period of about 100 years at the turn of the XIX/XX centuries. This period of time is connected with intense changes in artis-
tic materials production, and can be linked to the introduction of chrome pigments: PbCrO4 (1816); BaCrO4/SrCrO4 (1830); 
Cr2O3
.




H2O (1852); Co3(AsO4)2 (1859); CoO
.
nSnO2 (1860); 
cadmium pigments  CdS (1907) or specific whites: ZnO (1834); TiO2 (1921). Pigments can be studied for various purposes, 
including dating or authentication of investigated objects, as well as for conservation diagnosis or getting knowledge about 
a particular artists palette. Many mineral pigments were synthesized during the 19
th
 and at the beginning of 20
th
 century. 
Between 1800 and 1950 many of new pigments were introduced to the market making this period of time particularly inter-
esting. The aim of this work was to propose a flexible analytical approach for a quick screening of inorganic species in mi-
crosamples of works of art for pigments identification.  
Screening of inorganic species in micro-samples of pigments was based on visualization of the combined, chemical infor-
mation obtained by means of Raman spectroscopy and Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-
ICP-MS) imaging. Nicolet Almega Raman spectrometer was used to collect spectra with laser excitation line λ=532 nm. 
Laser ablation set up (LSX-213, CETAC) coupled to mass spectrometer (Nexion 300, Perkin Elmer) was used to register 
elemental imaging data. The combined molecular and elemental information was used to visualize the results. The proposed 
procedure was tested for 311 micro-samples of pigments. The evaluation of the analytical scenario allowing for getting the 
reliable results from the small amount of sampled materials was within the scope of this work. Mixtures reflecting variable 
artistic taste and individual susceptibility to artistic innovations was detected allowing for characterization of the personal 
favorite palette of the artists. The known dating of the object was expected to fit the history of the identified materials, other-
wise the authenticity would be doubtful. Only one, out of all investigated paintings, was considered repainted or questiona-




Why does Geranium lake fade? Photochemical study of eosin-based 
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ABSTRACT: This work is aimed at investigating the elusive nature of Geranium lake, the brilliant pink-scarlet hue eosin-
based organic pigment widely employed by Vincent Van Gogh and his contemporaries. The rather impermanent nature of 
this lake in a large number of impressionist paintings is of current high concern for both curators and conservators scientists 
alike. Herein, the photochemistry of Geranium lake in an oil based medium has been investigated by means of UV-Vis reflec-
tance/fluorescence and Raman spectroscopy integrated with HPLC-DAD-FD and LC-MS analyses. For this purpose, accel-
erated photo-ageing experiments irradiating with mono/polychromatic light have been carried out on oil paint models pre-
pared with commercial eosin disodium salt and in-house aluminum and lead based eosin lakes alone and in admixture with 
different white pigments namely, zinc oxide and lead carbonate. Notably, the ageing experiment in the extended visible range 
confirmed not only the fugitive nature of Geranium lake but also evidenced that during a preliminary stage the bleaching 
process is partially reversible, suggesting the formation of an unstable leuco form of eosin. Targeted experiments using 
monochromatic light as well as a simplified eosin-oil system in solution, corroborated by the wide literature regarding the 
photophysics of xanthene dyes allowed us to hypothesize that the leuco form is created on photoreduction by exploiting the 
lipidic binder as the hydrogen donor. On the other hand, chromatographic analyses on bleached Geranium lake models us-
ing HPLC-DAD-FD and LC-MS revealed the formation of an uncolored bromurated dihydroxybenzoyl-benzoic acid pro-
duced on fragmentation of the xanthene moiety.  The results obtained in this study are of great importance in understanding 
the fading mechanism of Geranium lake and in highlighting the spectral/molecular markers for its detection in degraded 
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ABSTRACT: The research performed until now in the framework of the JPI on Cultural Heritage project - Cleaning of Mod-
ern Oil Paintings (CMOP)-  at the University of Pisa will be presented. The research is aimed at advancing our knowledge 
on the the molecular causes and mechanisms behind modern oil paint vulnerability.  
Until the 18
th
 century, the paint production was at the basis of the activities in artists’ ateliers: pure raw materials were pur-
chased and then the paints were prepared according to traditional and sometimes secret recipes.  
The Industrial Revolution brought rapid technological changes that profoundly affected art as well as any other sector. Alt-
hough a large choice of new synthetic polymers became available as art materials, many 20
th
 century artists continued to 
adopt drying oils as the binding medium for their artworks. With the development and diffusion of manufactured artists' ma-
terials, the 20
th
 century has seen a significant evolution in artists’ paint composition and technology. Oil-based paint media 
used by artists have expanded far beyond the traditional drying oils, including new drying and semi-drying oils. Metallic 
salts, metal soaps, and a wide variety of dispersion agents, plasticizers, fillers, surfactants, free fatty acids, waxes, proteins 
etc. were added to the paint formulations to produce different working proprieties such as viscosity, drying rate, and color.  
Modern oil-based paintings, probably because of these innovations, are often proving to be unstable systems and present 
significant and often new problems: new reaction products are formed; colour changes are observed; migration and aggre-
gation of selective chemical species occurs leading to the formation of vulnerable ‘medium skins’ on paint surfaces, as well 
as efflorescence, protrusions, and paint delamination. In addition, unpredictable water- and solvent-sensitivity occurs, as 
well as an alarming incidence of paint later liquidizing and beginning to drip across the surface of completed paintings. 
The study is based on the use of mass spectrometric techniques for the analysis of the organic composition of modern oil 
paintings. To the aim, GC-MS and LC-MS based analytical procedures have been developed, to characterise of the molecu-
lar composition of paint samples, to evaluate the degree of hydrolysis, saponification and crosslinking of the oil media. The-
se procedures have then been used to investigate the polymerisation, oxidation and crosslinking of oil binders on specifically 
prepared reference materials. Thermoanalytical techniques have also been used on simplified model systems to help the data 
interpretation. 
The research here presented has been carried out at the Group of Analytical Chemistry for the Conservation of Cultural 
Heritage of the University of Pisa, in close collaboration with Judith Lee and  Bronwyn Ormsby of Tate Britain, London,  
Klaas Jan van den Berg of Cultural Heritage Agency of the Netherlands, Amsterdam, and Donatella Banti and Aviva 
Burnstock, Courtauld Institute of Art, London. 
References 
(1)Burnstock, A.; Berg, K. J. v. d.; Groot, S. D.; Wijnberg, L.: In Reprints of the Modern Paints Uncovered conference; 
Learner, T., Ed.: Los Angeles, 2008; pp 177–188. 
(2)van den Berg, K. J.; Burnstock, A.; de Keijzer, M.; Krueger, J.; Learner, T.; de Tagle, A.; Heydenreich, G.: Issues in con-
temporary oil paint; Springer, 2014. 
(3)Burnstock, A.; de Keijzer, M.; Krueger, J.; Learner, T.; de Tagle, A.; Heydenreich, G.; van den Berg, K. J.: Issues in Con-
temporary Oil Paint; Springer International Publishing, 2014 
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ABSTRACT: Spatially resolved analytical methods have significantly enhanced our capacity to study ancient works-
of-art, since they cause minimal and, at times, no damage to the studied object [1-3]. Unfortunately, only a few analyt-
ical techniques operating within the requested spatial resolution are applicable for the investigation of organic com-
ponents of artistic and archaeological objects. In recent years, possibilities offered by spatially resolved mass spec-
trometry (MS) techniques based on laser desorption ionization (LDI) has been highlighted [4]. However, direct LDI 
can be applied to study a limited range of different materials, while the use of matrices to assist laser induced ioniza-
tion processes (matrix assisted LDI, MALDI) has expanded the applicability of the method also to the spatially re-
solved study of organic components of works-of-art [4].  
The low-medium vacuum conditions required by MALDI-MS significantly limit its potential for in situ analysis of 
large objects. Atmospheric pressure MALDI-MS has been shown to overcome the above mentioned limitations and has 
been proposed as a new tool for the spatially resolved and minimally invasive analysis of organic components of artis-
tic objects [5-7]. 
The present work demonstrates possibilities offered by in situ AP-MALDI-MS in identifying organic components of 
ancient carbonaceous inks. In particular, AP-MALDI-MS has been used for the first time to identify large polycyclic 
aromatic hydrocarbon (L-PAH) compounds from inks used in XVII century manuscripts. PAHs are formed as a conse-
quence of an incomplete combustion of the organic matter. Therefore, their presence testifies that specific procedures 
were used in the past for the production of the carbonaceous material used as the pigment for inks.  
We prove that it is possible to operate at AP, applying MALDI-MS as a suitable micro-destructive diagnostic tool for 
analyzing samples in air, simplifying the investigation of the organic components of artistic and archaeological ob-
jects.  
1. E. Ciliberto, G. Spoto (Eds.), Modern Analytical Methods in Art and Archaeology, John Wiley & Sons Inc. 2000. 
2. G. Spoto, A. Torrisi, A. Contino, Chem. Soc. Rev. 29, 2000, 429. 
3. G. Spoto, Acc. Chem. Res. 35, 2002, 652. 
4. A. Nevin, G. Spoto, D. Anglos, Appl. Phys. A 106, 2012, 339. 
5. R. D’Agata, G. Grasso, S. Parlato, S. Simone, G. Spoto, Appl. Phys. A 89, 2007, 91.  
6. L. Giurato, A. Candura, G. Grasso, G. Spoto, Appl. Phys. A 97,  2009, 263. 
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ABSTRACT: The Peles National Museum in Sinaia, Romania, includes within its collection of musical instruments an origi-
nal Taskin Pascal harpsichord dated 1771. The instrument is representative for the French harpsichords of the eighteenth 
century, having the keyboard in two registers, with floral paintings, gilded on the side, while the six panels of the wood case 
are painted in oil, with marine scenes, in the manner of Joseph Verne. With several degradations affecting both the paint 
layers and the wood case, a conservation strategy had to be developed. In this study we present a non-destructive, in situ 
characterization of the pictorial layers through various non-invasive diagnostic techniques: Multispectral Imaging, X-ray 
Fluorescence (XRF), Laser-Induced Breakdown Spectroscopy (LIBS) and Fourier Transform Infrared (FTIR) Spectroscopy. 
Analysis of the multispectral images acquired highlighted various past restoration interventions – fillings, consolidation and 
chromatic reintegration of the paint layer, as well as some interesting details related to the preparatory layer and on the 
artist’s painting technique. On regard the materials used, preliminary results of the XRF and LIBS analysis suggests a rich 
colour palette: vermillion for the majority of the red areas, lead white, a copper based pigment for the blue and violet hues, 
various greens - iron oxide, chromium oxide and emerald green, along iron oxides for the red, yellow and ochre tones. FTIR 
analysis carried on particular areas of interest showed characteristic IR bands for proteinaceous binders, with egg yolk and 
possible traces of animal glue, while the varnish layer points towards a shellac resin. Results of the investigations offered 
valuable physico-chemical insights and conservation assessment, key information for the best restoration approach of this 
artifact with remarkable aesthetic and historic value.  
ACKNOWLEDGMENT:  This  work has been f inanced through The Sectoral  Operat ional  Programme “Increase of  Economic Com-
peti t iveness” Priori ty  Axis  2  –  CDI:  Operat ion 2.2.1.  Project  “Mult is i te  Infrastructure  for  the Increase of  Research and Devel-
opment  Capaci ty  in  the Field of  Optoelectronics  and Analyt ical  Instrumentat ion – INOVA-OPTIMA” (Contract  658/07.08.2014 
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ABSTRACT: The study intends to analyse with micro-destructive methods some original fragments of stone materials used in 
sculptures dated to Nuraghic Age (XI-IX cent. BC) from Sinis area (Cabras, central-western Sardinia). The important nu-
raghic sculptures, found in the archaeological site of Monte de Prama, consist of porous limestone surely locally quarried. 
Several historical, archaeological and geological studies have been already done on these sculptures, but up to date infor-
mation and data on chemical and physical weathering processes occurring in the millennia, are missing.  
The main purpose of this work is analysing by LIBS and SEM, well tested techniques in the Cultural Heritage field, the lime-
stone finds from nuraghic statues, first of all to know the degree of the chemical and physical alteration. Furthermore, the 
LIBS methodology, with the aid of XRD analysis of the particles adhering to the surface, allows us to analyse the composi-
tion of the films / coatings / incrustations present on the original surface of the statues (remained buried for centuries), and 
the definition of the secondary mineral phases not belonging to the limestone substrate. A careful compositional analysis of 
the surface also allows us to identify any original ancient treatments, aimed to colour the statues and / or conservation pur-
poses to preserve and protect them from the weathering. 
The chemical and physical alteration processes have been addressed through a comparative study of mineralogical, petro-
graphic and physical characteristics among artifacts and geological samples from the Sinis area. Through PLT tests, He-
pycnometry, Hg-porosimetry and BET analysis (by Brunauer-Emmet-Teller method) on field geological samples some physi-
cal and mechanical properties of the stone (density, porosity, specific surface area, resistance to compression, tensile, elastic 
modulus, etc.) were also determined to understand the resistance to tensional stresses in the original position of the sculp-
tures. The analysis of the limestone alteration mechanisms also allows us to understand the ideal micro-environmental con-
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ABSTRACT: Paper and parchment have been for centuries the support of artistic and historic evidences. The analytical 
study of these supports and coloring materials gives historians and conservators the possibility of obtaining information on 
its material composition. This information not only helps in its safeguard but also in the comprehension of the artistic meth-
odology of production, in the provenance and in the authentication issues and in the retrieval of hidden documents.  X-ray 
fluorescence (XRF) and Raman spectroscopy are two complementary techniques suitable for the study of artistic and written 
documents due to its non-destructive character.  XRF gives a quick highlight over the elements with a Z>12, allowing the 
identification and the quantification of the existing elements in the supports and in the coloring materials. Raman spectros-
copy enables detailed information about the organic and the inorganic composition of the pigments and the fillers. The re-
search group has been developing XRF setups with different characteristics according to the needs of each heritage object 
type. Triaxial geometry equipments present a great advantage in the analysis of trace elements in low-Z matrix objects such 
as paper and parchment documents. This geometry significantly reduces the background of the measured spectra by elimi-
nating the Bremsstrahlung produced in the X-ray tube through crossed polarization in the secondary target and in the sam-
ple. In this way, a better peak-to-background ratio is obtained, improving the detection limits and leading to higher sensitivi-
ty. Combined portable XRF and Raman setups are mostly required for in-situ analysis of historical and artistic documents 
that are not allowed to leave the museums or archives. In X-ray fluorescence spectrometry, the use of quantitative methods, 
independent of geometric and physical factors requires the use of standards of known composition, which should be as simi-
lar as possible to the unknown sample. The accuracy of this method depends on the number of standard samples used in the 
quantification and on the similarity of their composition with the unknown sample. A paper standards database consisting of 
well-known elemental composition paper samples is under construction enabling the elemental content determination of pa-
per documents. In this talk, it will be presented the most relevant work developed by the research group concerning XRF 
setups development and quantitative methodologies applied to the study of written and artistic documents. It will cover 2D 
micro-XRF analysis of historical documents such as the 3
rd
 Secret of Fátima, the coffee drawings by Lagoa Henriques and 
the hidden version of a book by Eça de Queirós. Quantitative results will be also presented for the supports and the inks 
characterization, and for helping in the comprehension of related degradation and authentication issues. Raman analytical 
applications to the study of coffee drawings and illuminated manuscripts will also be presented. 
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ABSTRACT: From the end of the eighteenth century, new artist pigments synthetically produced through industrial processes 
have been introduced. The conservator’s interest in these modern pigments has been increased in the last decades especially 
because of their severe degradation following aging. The most significant issues are related to rapid deterioration and color-
fading - like the famous example of Van Gogh ‘Sunflower’ series - that may occur especially if paints are conserved in poor 
conditions. A large number of scientists is nowadays working on the understanding and prevention of these degradation 
phenomena. The study of artist materials is however limited by their complexity. Pigments are not pure materials, they are 
generally mixed together and, more importantly, they are usually blended with binders. The interaction between metal ions 
and free fatty acid contained in organic binder lead to the formation of metal soaps, causing the alteration of painted layers, 
and thus degradation. A sub-group of modern pigments that show a particularly rapid degradation when mixed with oleic 
substances is those based on semiconductor material, as for example zinc white (based on ZnO). The physical characteriza-
tion of these semiconductor pigments is made advantageous by their typical optical features. If properly light stimulated, 
they emits photoluminescence at different time regimes: the prompt emission (usually at nanosecond) is caused by direct 
band-to-band recombination, while the delayed emissions (at microsecond) instead are associated to the recombination from 
intra-band levels that act as trap states. In this scenario, time resolved photoluminescence (TRPL) spectroscopy is a great 
tool for the characterization of the photo-physical properties of semiconductor pigments. In recent years, our research group 
has focused its attention onto time-resolved characterization of this category of pigments as historical and laboratory-made 
samples. The time resolved technique has been developed for point-analysis to detect spectra and for imaging analysis for 
macro- and micro- investigation of heterogeneous surfaces. This work would be a report of the main achieved results. An 
illustrative example of TRPL micro-imaging will be provided through analysis of corpus of stratigraphic micro-samples from 
precious Russian modern paintings. In this case, time-gated spectral images of the PL emission has allowed the discrimina-
tion between different luminescent painted layers. Further, luminescence particles with a microsecond emission decay-
kinetic were detected and ascribed to different crystal defects in painted layers. Apart from characterization of luminescent 
pigments, TRPL spectroscopy has proved to be an effective method for the detection of PL changes induced by material deg-
radation. A remarkable example will be provided through the detection of changes occurring to trap state emissions in zinc 
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ABSTRACT: The Viking Age wood artefacts recovered in the early 1900s from the Oseberg mound and treated with alum, 
are today highly degraded, a condition attributed to the effects of the alum-treatment and of the reactivity of alum and de-
rived salts [1]. Some of the artefacts from Oseberg collection which were treated with alum, were also coated by linseed oil. 
Although the linseed oil did not fully penetrate the wood in many cases, these artefacts appear to be better preserved with 
respect to those not treated with linseed oil regarding their visual condition. 
In order to assess the effect of the presence of linseed oil on wood preservation, alum treated woods coated with linseed oil 
were investigated. Fragments were sampled at different depths from the surface. Three analytical techniques, giving relevant 
information about the molecular composition and state of preservation of both archaeological wood and aged linseed oil, 
were adopted: gas chromatography coupled with mass spectrometry (GC-MS), pyrolysis-gas chromatography/mass spec-
trometry (Py-GC/MS) and high-performance liquid chromatography coupled to electrospray ionisation and quadrupole 
time-of-flight mass spectrometry (HPLC-ESI-Q-ToF). 
Specifically, Py(HMDS)-GC/MS was applied in order to assess the state of preservation of the main wood components in the 
presence of linseed oil and the alum treatment, while GC-MS and HPLC-ESI-Q-ToF were used to perform the lipid charac-
terization and to investigate the lipid degradation and oxidation processes. Moreover characterisation of inorganic compo-
nents of analysed material by XRD, FTIR and elemental analysis was performed. 
The results showed that although the wood was highly depleted of carbohydrates [2], it was better preserved with respect to 
those artefacts not coated with linseed oil. Results from GC-MS and HPLC-ESI-Q-ToF together with those from Py-GC/MS 
suggested that the linseed oil played a mitigating role towards wood degradation. The behaviour of the lipid material, more 
oxidized on the wood surface respect to the depth section, suggested that the selective oxidation of the oil instead of the wood 
components in the aerobic environment leaded to a better preservation of the material. Furthermore, XRD, FTIR and ele-
mental analysis gave information about the extent of alum impregnation and decomposition/transformation in the different 
regions of the fragments, providing further context for interpretation of the degree of wood degradation.    
1. McQueen, C.M.A., et al., New insights into the degradation processes and influence of the conservation treatment in alum-
treated wood from the Oseberg collection. Microchemical Journal, 2017. 
2. Braovac, S., et al., Chemical analyses of extremely degraded wood using analytical pyrolysis and inductively coupled 
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ABSTRACT: The surface of a bronze artwork interacts with the surrounding environment and gradually develops brown and 
green patinas due to the formation of corrosion products. To protect the degraded external surface of bronzes, several or-
ganic materials (natural or synthetic) have been also applied. As a result, the composition of the external surface of either 
outdoor or archaeological bronzes results highly heterogeneous.  
The characterization of surface compounds from the physico-chemical point of view is important in order to understand how 
the bronze has interacted with the environment as well as to determine the effectiveness of the treatments applied as protec-
tives. It is also important in order to evaluate the correct maintenance of the artwork as well as to address, if necessary, the 
most suitable conservation approach.  
So far, several spectroscopic techniques such as Fourier transform infrared spectroscopy (FT-IR) and Raman spectroscopy 
(RS) have been used for the study of the superficial layers of bronzes. In particular, FTIR (4000-400 cm
-1
) has proved to be 
versatile for analyzing both organic and inorganic substances on bronzes and able to provide important information for the 
characterization of the different constituents.  
In this research, we present the applicability of advanced methods in infrared spectroscopy based on the use of the near-
infrared range for the study of outdoor and archaeological bronzes. In particular, total reflection FTIR in the extended 
range near and mid-infrared (6000-675 cm
-1
) and total reflection IR spectroscopy in the full near-infrared range (1000-2500 
nm or 10000-4000 cm
-1
) have been applied as point analysis or imaging mode.  
These advanced methods were tested on the outdoor bronze sculptures of the Neptune Fountain in Bologna (1566 A.D.) as 
well as on archaeological Chinese coins from the Northern Song Dynasty (960-1127 A.D.). The results show the possibility 
of using both total reflection near-infrared and near /mid-infrared range for the identification of the inorganic corrosion 
products and organic protective treatments on bronzes. In addition, characteristic marker bands in the near-infrared region 
can be used to recognize each different compound present in complex mixtures, when spectral features in the mid-infrared 
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ABSTRACT: We have performed a comparative study of micro-LIBS and X-Ray Fluorescence Spectroscopy (XRF) analysis 
for quantifying the silver contents in Swabian deniers minted during the Kingdom of Sicily (1194-1266). The combined use of 
the two techniques allowed us to validate the chemical composition of the coins and to valuate the altered surface and the 
surface-enrichment treatment eventually undergone. The use of LIBS coupled with microscope allowed to reduce the dimen-
sion of the laser-induced crater below 20µm so the visual aspect of the coin remains unchanged. The LIBS measures over-
come the question of the surface alteration, but they do not represent the heterogeneity of the alloy because of the small 
sampling area. On the other hand, the XRF technique allows to analyze a larger surface, in a totally non destructive way; 
however, the sampling volume could be affected by alterations or excessive roughness. It has been verified that these two 
factors do not affect the reliability of the measures but could introduce an uncertainty in the quantity data. The LIBS quanti-
tative data have been obtained using the One Point Calibration method (OPC) while the XRF quantitative data were ob-
tained by means of the Fundamental Parameter method. A good agreement between the two results was found, demonstrat-
ing the effectiveness of both the micro-LIBS and XRF techniques, in spite of the above mentioned limitations. The compara-
tive study has been conducted on a group of 50 deniers belonging to the reign of Henry VI and Frederick II; the results con-
firmed the knowledge about the devaluations of the coins within 50 years of the Swabian Kingdom. A classification method 


































Laboratório de Instrumentação, Engenharia Biomédica e Física da Radiação (LIBPhys-UNL), Facul-
dade de Ciências e Tecnologia da Universidade Nova de Lisboa, 2892-516 Caparica, Portugal; 
B
BAM 
Federal Institute for Materials Research and Testing, 12200 Berlin, Germany; 
C
Dept. of Geosciences, 
IDAEA-CSIC, Jordi Girona St., 18-26, 08034 Barcelona, Spain 
*luisa.carvalho@fct.unl.pt 
ABSTRACT: This work reviews the most used optical systems for X-ray microprobes and summarizes the experiences in re-
search on Cultural Heritage with X-ray tube generators especially on polycapillary lens based systems.  
The need for smaller beam spot sizes for various applications and the unique properties of X-rays have induced a remarka-
ble and fast development in X-ray optical systems. These systems are divided into four main categories: reflective, absorb-
ing, refractive and diffractive. Examples of the first two will be covered in this work, highlighting the properties that allow 
having spot sizes down to sub-micrometer regime. 
An overview of the techniques that use such optical systems will be given, emphasizing their applicability on several case 




Spectroscopic investigation of the interactions between commercial 
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ABSTRACT: The aim of this study is to develop a detailed picture of the binding features of selected fluorescent tags towards 
proteins from artworks. Painters from all periods and across the globe have relied on a wide range of organic substances as 
painting materials, including proteinaceous materials, oils, saccharide gums and terpenoid resins. The development of spe-
cific methods for the stratigraphic localization and identification of proteins in paint cross sections is one of the most im-
portant steps to understand the painting technique of a work of art, to help understanding degradation phenomena, to identi-
fy the best conservation conditions. The stratigraphic localization of proteinaceous materials in art samples is still relatively 
arduous, due to the presence of inorganic materials (such as pigments), mixture with other organic materials and their deg-
radation due to ageing (M.P.Colombini et all, Acc. Chem. Res. 2010, S.Dallongeville et all, Chem. Rev. 2016). Following a 
common technique, the sample is mounted on a cross-section, after embedding it in a synthetic resin, which is subsequently 
polished in order to expose the sample stratigraphy. Cross-sections can then be analyzed by imaging techniques based on 
magnetic resonance, mass spectrometry or optical spectroscopies (R.Clark , Chem. Soc. Rev.1995, S.Dallongeville et all, 
Chem.Rev. 2016).  Fluorescence detection is by far the dominant detection method in the field of the microscopy imaging 
techniques due to a rapid signal acquisition and high detection sensitivity. Despite fluorescent tags are commonly used to 
reveal denatured proteins on gel electrophoresis, their use for the localisation of  proteinaceous binders in paint cross sec-
tions still presents several drawbacks, as false negative and positive can occur (D.Magrini et all, Proc.Chem 2013, 
J.M.Messinger, JAIC 1992). In this work we present  a spectroscopic investigation of the affinity of five commercial fluores-
cent tags with protein-based painting materials (egg white, casein from milk and animal glue), with the aim of better under-
standing the interactions taking place between commercial stains and protein matrices used in paintings, and thus of finding 
a reliable protocol for localising proteins in art samples. Beside fluorescence spectroscopy, we used for the first time circu-
larly polarized luminescence (CPL) as a tool to reveal interactions in complex matrices relevant for the field of cultural her-
itage (S.Orsini et all, RSC Adv. 2016). We show that, in such cases, CPL provides unique information compared to more 
common techniques such as fluorescence and circular dichroism. These findings will contribute to provide a rational base to 




Reducing Ablation and Improving Signal in Laser Induced Break-
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ABSTRACT: Laser induced breakdown spectroscopy (LIBS) is an analytical technique based on atomic emission spectrosco-
py of various samples. One way to reduce sample damage is reduction of laser energy. Reduction of laser energy reduce 
ablation along with signal intensity and reduction of laser energy less than a threshold leads to disappearing the spectrum. 
In this technique, sample damage is a disadvantage for analysis of some valuable and sensitive samples such as antiquities, 
bio and jewelry samples. In this paper, analytical performance of laser induced breakdown spectroscopy combined with 
spark discharge is studied for several samples. Because of the proximity to some antiquities samples, here, granite samples 
have been studied in air atmospheric pressure.  
Signal intensity and signal to noise ratio in both LIBS and spark assisted LIBS (SA-LIBS) has been studied. In spark assisted 
laser induced breakdown spectroscopy (SA-LIBS) a laser pulse is used to ablate sample and form the plasma and simultane-
ously a spark discharge apply on the plasma. Spark discharge is used to reheat the laser plasma, to increase volume of laser 
plasma and to enhance the plasma emission. 
In intensity of SA-LIBS spectral lines using low laser pulse energy is more intensive than LIBS ones with higher laser pulse 
energy. So in SA-LIBS technique, sample damage is much less than LIBS. In this method a considerable enhancement is ob-
served in the intensity of spectral lines and the signal-to-background ratios with less ablation.  
In order to investigate enhancement factors, plasma life-time, plasma temperature and electron density in two cases of LIBS 
and SA-LIBS have been calculated. Results show that applying electrical spark along with the LIBS leads to a significant 
increase in the signal intensity and signal to noise ratio. In LIBS and SA-LIBS, sample damage was investigated for the same 
energy of laser. As evidenced by the scanning electron microscope (SEM), size and amount of ablated material on the gran-
ite sample in the both cases is almost the same. As result during the electrical discharge in SA-LIBS hasn’t ablation.  
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ABSTRACT: Over the last 15 years, Raman spectroscopy has been demonstrated to be able to distinguish healthy from can-
cerous tissues, and identify cancer stages and disease subtypes with high accuracy. These studies have been performed on a 
number of organs, such as the gastrointestinal (GI) tract, breast, brain, lymph nodes… The diagnostic accuracy surpasses 
our current gold standard. There is no doubt Raman spectroscopy can be a powerful cancer diagnostic tool. So the question 
we ask is: why isn’t Raman spectroscopy adopted for routine cancer diagnostics yet?  
The current gold standard of cancer tissue diagnostics remains to be haematoxylin and eosin (H&E) staining of suspect le-
sions . Since its introduction in 1837 by Wissowzky it remains to be the primary staining technique used today, despite being 
affected by subjectivity. 
We propose for Raman imaging to be used as a cancer diagnostics tool, to identify cancer stages/subtypes through their 
spectral fingerprints, to extract chemical information and possibly lead to novel marker discovery. Imaging also provides 
spatial information, such as tumour margin analysis. Raman offers a means of removing the subjectivity of current diagnos-
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ABSTRACT: Knowledge of heritage objects is an important branch of art history. The analytical approach of these objects 
renews their study. Indeed, the identification of their constituent materials provides valuable and critical information in mul-
tiple related areas. The preservation of this wealth has to tackle inter alia the identification, localization, classification and 
restoration of these heritage objects. Historical pieces are unique and have often crossed centuries, or even millennia, mak-
ing them extremely fragile. Handling them should be done with great skill. Any analysis should be non-destructive and en-
sure that no irreparable damage will be done for them. Thanks to scientific and technological advances this became possi-
ble, and a branch of physical chemistry has developed and has emerged: the Archeometry. The archeometry through these 
technical analyses can answer long unanswered questions. Unfortunately, our country (Algeria) is experiencing a marked 
delay in the introduction of these new techniques for the study and the preservation of our archaeological heritage. In this 
paper, we present a study of some manuscripts of Algerian heritage. We used XRF spectroscopy, FORS and ATR to charac-
terize these manuscripts to study and discuss the materials (inks and pigments) that were used. The combined analytical ap-
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For several centuries Bolgar was a trade and economic centre of the Volga region, which is indicated by numerous archaeo-
logical findings. A large portion of the discovered Kufic coins were minted by rulers of the Samanid dynasty. A study of sil-
ver-containing coins minted by this dynasty using scanning electron microscopy and emission spectral analysis allowed to 
















Oxygented and nitrated PAHs in the atmosphere of Buenos Aires. 
Determination by UHPLC(+)APCI-MS/MS 
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ABSTRACT: Oxygenated and nitrated polycyclic aromatic hydrocarbons (OPAHs and NPAHs) were determined in 
PM2.5, PM10, and tree barks samples collected in Buenos Aires, Argentina. Different strategies were followed for the col-
lection of fine and coarse fractions including type of filters and samplers. Samples of PM2.5 were collected on glass fiber 
filters with a medium volume sampler while for PM10 glass and quartz fiber filters high volume sampler were used. For 
PAHs derivatives quantification ultra high performance liquid chromatography-atmospheric pressure chemical ionization 
tandem mass spectrometry (UHPLC-APCI-MS/MS) was used. Data acquisition under MS/MS was achieved by applying mul-
tiple reaction monitoring to provide a high degree of sensitivity and specificity. The chromatographic separation was carried 
out on a reverse phase rapid resolution column using a gradient mode. In APM, four PAHs derivatives were detected at con-
centrations ranging from 0.01 to 240.62 ng  m-3.  
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ABSTRACT: The increasing presence of thallium in the environment is attracting some attention because of its growing de-
mand by modern high-technology industries. Thallium is more toxic than mercury, cadmium, copper, lead, and zinc, and its 
aquatic toxicity is apparently not affected by water hardness or humic acid concentration.  
Tuscany (Italy) was one of the Italian regions that experienced a significant mining activity, which left a legacy of environ-
mental problems related to acid mine drainages. The finding in 2014 of high Tl concentrations in drainages from abandoned 
mining districts located in the northwest of Tuscany posed some concern related to the potential dispersion of this element in 
the environment. The study of thallium redox speciation appears a way to understand its environmental behavior, since the 
valence state of thallium determines its toxicity, distribution and mobility. 
In this work, the speciation of thallium in acid mine drainages, surface waters and springs in the mining catchment of Val-
dicastello Carducci (Tuscany, Italy) was first determined after separation with ion chromatography and online detection 
with ICP-MS. Successively, adopting a natural water sample collected from a mine drainage rich in thallium and iron as 
model, the distribution of aqueous Tl(I)/Tl(III) as a function of light exposure and solution properties was studied. 
None oxidation of Tl(I)(aq) took place when natural water sample was exposed to sunlight. In the system with an excess of 
Mn(IV) oxide a quantitative oxidation of Tl(I)(aq) was observed, notably at pH 3.3 (original pH of sample 2.1), both for the 
sample kept in the dark and the sample exposed to solar light. The process is not reversible, as indicated by results for sam-
ples kept in the dark for one week. Direct irradiation with a low-pressure mercury lamp or with a visible light-emitting diode 
(LED) also lead to oxidation of Tl(I)(aq), but not quantitatively. In these cases, the process is partially reversible by keeping 
the sample in the dark. It is suggested that adsorption of thallium to the Fe/Mn oxyhydroxides determines the rate of oxida-
tion.  
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ABSTRACT: Over the last decades, much effort has been dedicated to the implementation of new analytical techniques and 
methods for the reliable identification and quantification of substances in the most different matrices.  
At the same time, the discovery and put-in-practice on a routinely basis of these sensitive and easy to use methods have un-
covered a variety of new analytes, whose concentration needs to be kept under control in order to guarantee an adequate 
safety level, especially in the workplace. New harmful compounds, metabolites, food contaminants and pollutants are discov-
ered every day and need to be fully characterized; furthermore, new methods must be developed for their precise quantifica-
tion.  
In this context, Giotto Biotech aims at meeting the need for new and unavailable molecules to be used as reference com-





In this contribution we wish to present some examples of custom made molecules which have been synthesized by Giotto Bio-



















Compound Methodology for the Characterization of Lead 
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ABSTRACT: Former battery factories have created environmental and health problems for years and the exposure to lead in 
surface soils has been underestimated. The identification of lead contamination and distribution at existing sites is crucial. 
Characterization processes are generally performed using inductively coupled plasma mass spectrometry (ICP-MS) to 
measure the concentration of metals in soil samples. However, alternative techniques such as x-ray fluorescence (XRF) have 
been used lately in environmental studies as it allows to take readings in the field in a prompt manner, despite its lower ac-
curacy and higher detection limits regarding the former. In this study, a former battery factory site in Monterrey, Mexico has 
been analyzed in order to detect lead pollution. Contaminated soils were characterized by using a novel hybrid methodology 
composed of both aforementioned techniques. Samples were taken in 205 locations and analyzed using a portable XRF de-
vice after a simple homogenization process, whereas 24 of these samples were analyzed using ICP-MS according to interna-
tional sampling guidelines. The two techniques were compared and contrasted in order to define a compound methodology, 
which encompasses their respective advantages. Finally, a hybrid map of the contamination distribution was devised and 





Detection of Volatile Organic Compounds in direct current pulse 
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ABSTRACT: This study describes a measuring system for mass spectrometry, consisting of a glow discharge ionization 
source driven by pulsed dc voltage for soft plasma ionization and a mass spectrometer, to detect volatile organic compounds 
rapidly and easily. To suppress fragmentation of the organic compounds, several discharge parameters (discharge current, 
discharge pressure, pulse frequency and duty ratio) were varied to determine the optimal conditions for softer ionization. 
Gaseous organic components, known as toxic volatile organic compounds (VOCs), are oxidized by photochemical reaction 
in air, leading to produce carboxylic acids and their derivatives.  These oxidized products may form atmospheric organic 
aerosols (secondary organic aerosols; SOA) by gases condensations in the atmosphere. Organic aerosols have serious im-
plications for the environment and human health. In the previous study, we directly detected organic components in smoke 
by soft plasma ionization (SPI) –mass spectrometry (MS) with a glow discharge ionization source [1]. The main ionization 
mechanism in the SPI–MS system was considered, in which organic molecules could be readily ionized by Penning ioniza-
tion with N2* species. However, organic components in smoke were fragmented in the air plasma. Fragmentation problems 
hindered organic components of higher molecular weight to be distinguished easily. In this study, the glow discharge was 
driven by a pulsed direct-current voltage to suppress fragmentation of high-molecular-mass compounds. Vapor from an or-
ganic solvent was measured for sampling of VOCs to evaluate the basic characteristics of the pulsed dc SPI source. The de-
tectable signals for VOCs vapor were examined when varying important discharge parameters such as discharge current, 
discharge pressure, pulse frequency and duty ratio of the SPI discharge. The mass spectra obtained from the organic sol-
vents exhibited their molecular ion peaks [M+] as the major peak with little or no fragmentation under the optimal condi-
tions. The spectral intensity tended to increase with increasing the discharge pressure at a constant discharge current. 
Chemical species in the SPI source will be analyzed by using emission spectroscopy to consider the ionization mechanisms 
Reference 





Determination of selected trace elements in the open ocean. 
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ABSTRACT: The importance of trace elements and their role in biological cycling has become evident in recent years. Par-
ticular attention has been focused on iron as it has been well established that the supply of Fe limits the total productivity in 
high nutrient low chlorophyll regions of the surface ocean. Zn, Ni, Cu, Co and Cd display similar behavior to the macronu-
trients, nitrate, phosphate and silicate, indicating their involvement in biological cycles. In addition, Mn and Pb are im-
portant tracers of possible natural or anthropogenic inputs through aerosol deposition and/or lateral transport from conti-
nental margins. Despite the significance of these trace metals, an understanding of the biogeochemical cycles or even the 
global distribution of these trace metals is still limited. A more comprehensive understanding of trace metal biogeochemical 
cycles is therefore critically needed. Accurate and precise quantification of trace elements in the open ocean and seawater 
samples remains a difficult task, due to low analytes concentrations (typically below 1µg L−1), very complex matrix (~3.5% 
TDS), potential spectral interferences, and possibility of contamination during sampling or sample preparation step. The 
direct analysis of seawater by ICP-MS is usually hampered by the complex matrix that may cause significant non-spectral 
interferences in the plasma resulting in signal suppression. Pre-concentration and or/separation procedures have been pro-
posed as efficient solutions to overcome this problem.  A method based on the application of Isotope Dilution Inductively 
Coupled Plasma Mass Spectrometry (ID ICP-MS), applied as a primary method of measurements was developed and applied 
for the determination of Fe, Ni, Cu, Zn, Cd, and Pb in the open ocean samples. For the monoisotopic elements Mn, Co meth-
od based on preliminary matrix separation, external calibration approach combined with internal standard was used. An 
automated off-line seaFAST pre-concentration system with integrated column containing chelating resin was applied in the 
sample pre-treatment step. Selected  trace elements were simultaneously and quantitatively pre-concentrated from 10 mL of 
seawater sample spiked with enriched isotopes, eluted with 200µL of 1.8 M HNO3, and determined by Sector Field ICP-MS. 
The single-step pre-concentration removed more than 99.9% of Na, K, Mg and Ca from seawater.ISO-17025 and Eurachem 
guidelines were followed to perform the validation of the proposed methodology. The estimation of the total uncertainty as-
sociated to each measurement result was fundamental tool for sorting the main sources of measurement biases. Preliminary 
forecast of the uncertainty budgets was used as a strategy to ensure that determination of trace elements in seawater could 
be achieved with demonstrated traceability to a stated system of reference within less than 10 %  expanded uncertainty (k=2) 
respectively. The method was validated through the analysis of certified reference material NASS-6, CAAS-5 and SLEW-3 
from the NRC Canada. Additional validation of the developed analytical procedure was effectuated by comparison with the 
values reported in the frame of EC JRC IRMM IMEP-40 exercise on the determination of trace elements in seawater. 
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In this work the applicability of Ion Chromatography (IC) coupled to Multicollector Inductively Coupled Plasma Mass Spec-
trometry (MC-ICPMS) for on-line isotope ratio analysis of various elements like: Sr, Mg and Ca was explored. The effective 
separation of Sr from matrix by IC enables on-line isotopic analysis of 87Sr/86Sr by MC-ICPMS, without the need in a labo-
rious off-line, time consuming sample preparation and clean room facilities. Mass discrimination and instrument drift were 
corrected by the use of the natural constant 86Sr/88Sr ratio as an internal standard. The precision (2 σ) of the 87Sr/86Sr 
ratio of 0.003% was achieved in natural samples. Various instrumental setups were employed to enable continuous Mg or 
Ca separation from the sample matrix by IC followed by MC-ICPMS. The performance of two separation columns IonPac 
CS16 (ID 5 mm or ID 3 mm) connected with appropriate CERS 500 suppressors (4 mm or 2 mm) using dry and wet plasma 
conditions was compared. With the use of ID 3 mm column and 2 mm suppressor it was possible to apply dry plasma mode 
with Aridus II desolvation system. Mass discrimination and instrument drift were corrected by sample-standard bracketing 
method using the 26Mg/24Mg isotope ratio of DSM-3 as standard. Good accuracy and high precision of the magnesium iso-
tope ratio (generally 0.15 ‰ (2SD)) were achieved for wet and dry plasma modes; both were comparable to off-line Mg sep-
aration and continuous measurement. In case of calcium mass discrimination and instrument drift were corrected by sample-
standard bracketing method using the 44Ca/42Ca isotope ratio of NIST-915a as standard. Robustness and applicability of 
the method was demonstrated for matrix-rich natural water and rock samples isotope analysis, respectively.  
Acknowledgements: Financial support from National Centre of Science (NCN, Poland), project UMO-2014/13/B/ST4/04503, 
in the years 2015 - 2018, is gratefully acknowledged. The study was carried out at the Biological and Chemical Research 
Centre, University of Warsaw, established within the project co-financed by European Union from the European Regional 





 Impact of soil and root type on the behavior of ZnO and Al2O3 by 
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ABSTRACT: Various applications of metal oxide nanoparticles could result in their accumulation in soil, air and water 
threatening terrestrial ecosystem. Several reports have shown the effects of metal oxide nanoparticles on soils and plants. 
The environmental impacts of nanoparticles are still not well understood. In this study, we investigate the microbial (number 
of bacteria, bacteria type and spore formation) and antioxidant responses of different soil and different root type of plants by 
exposure of zinc oxide and aluminum oxide nanoparticles. For this purpose, different plants which belongs various root (tap-
roots, tubers, bulb) were cultivated in two agricultural soil irrigated with and without zinc oxide and aluminum oxide nano-
particles at 0, 1, 20 mg/L during 4 weeks. Nanoparticles were applied every week at various doses in soil starting with culti-
vation until harvesting. The behavior of nanoparticles in different agricultural soil and their effect on different root plants 
were investigated by microbial and antioxidant activity. Nanoparticles increased the microbial and antioxidant activity. The 
soil type affected the intensity and capacity of nanoparticle. The bacteria activity was correlated spore formation in soil by 
exposure of nanoparticles. Spore formation improved the immunity of organism and obtained survival unfavorable condi-
tions, on the other hand spore formation provided the medium for bacterial infectious disease. To our knowledge, this is the 





 Chemical compositional bulk analysis of size-segregated aerosol   
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ABTRACT: The bulk chemical composition of size-segregated aerosol particles can provide valuable insights into their reac-
tivity, sources, and fate in the troposphere. In this work, aerosol samples were collected at the roof of a building in KRISS 
(Korea Research Institute of Standards and Science; 36.39˚N, 127.37˚E) located at Daejeon city, Korea, where industrial 
and anthropogenic activities are expected to mainly influence the chemical compositions of aerosol particles. Size-
segregated aerosol particles were collected on Ag foil using a seven-stage May cascade impactor with aerodynamic cut-off 
diameters of 16, 8, 4, 2, 1, 0.5, and 0.25 µm for stages 1-7, respectively. The sampling duration for each stage was set differ-
ently to collect enough particles for bulk analysis using attenuated total reflectance Fourier transform infrared spectroscopy 
(ATR-FTIR) technique. A Universal ATR single reflection accessory, comprising a diamond/KRS-5 internal reflection ele-
ment (IRE) crystal with a diameter of 1.8 mm, installed in Perkin Elmer Spectrum 100 FTIR spectrometer, was used for the 
bulk analysis.  A home-made curve-fitting program was utilized for deconvolution of asymmetric ATR-FTIR peaks in order to 
obtain areas of the characteristic IR peaks for relative quantitative analysis. Quantitative low-Z particle EPMA (energy dis-
persive electron probe X-ray microanalysis) provides complementary information on elemental concentrations, including IR 
inactive species such as NaCl. For supermicron particles (stages 1-4), major chemical species are aluminosilicates, car-
bonates, and organics, while submicron particles (stages 5-7) are abundant with (NH4)2SO4, NH4NO3, and organics. The 
mixing ratios of chemicals varies with particle size and time. For example, for the submicron fraction, nitrate peak relative 
intensity increases during peak office hours, due to increased traffic emissions compared to other time in the day or night. 
Further analyses involving variation of chemical composition and mixing ratio and state with time and size fraction are un-





Real-Time Investigation of Chemical Compositions and Hygroscopic 
Properties of Aerosols Generated from NaCl and Oxalic Acid 
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ABSTRACT: Recently, ambient sea spray aerosols (SSAs) were reported to undergo reactions with dicarboxylic acids 
(DCAs). The hygroscopic properties of SSAs could be altered when the chemical compositions of SSAs are modified, which 
in turn alters their optical properties and cloud-droplet nucleation efficiency. Among water-soluble DCAs, oxalic acid (OA) 
is most abundant, in atmospheric aerosols followed by succinic acid and malonic acid. In this work, the hygroscopic behav-
ior and chemical reactivity of aerosols generated from NaCl-OA mixture solutions were studied using in situ Raman micro-
spectrometry (RMS). The change in size, chemical composition, and phase as a function of the relative humidity (RH) for 
individual aerosols were simultaneously monitored. The hygroscopic measurement was performed first through a dehydra-
tion process, followed by a humidification process. Raman spectra showed that monosodium oxalate (MSO) was formed due 
to the chemical reaction between NaCl and OA from solutions of NaCl:OA = 3:1 and 2:1 after particles were generated. As 
RH decreased, disodium oxalate (DSO) was produced during the dehydration process. The aerosols generated from the solu-
tion of NaCl:OA = 3:1 and 2:1 showed single efflorescence, where MSO and DSO were in crystalline forms. Deliquescence 
transition of unreacted NaCl moiety was around 76% and complete dissolution of MSO and DSO was not observed even at 
RH > 98%. For the aerosols from NaCl:OA = 1:1 and 1:2 solutions, MSO was formed after generation. No deliquescence 
transition was observed for the aerosols from NaCl:OA = 1:1 and 1:2 solutions and water absorption started at RH > 95%. 
The observed different hygroscopic behavior was due to the different contents of NaCl, OA, MSO and DSO in the aerosols. 
Real-time investigation of chemical compositions of aerosols from NaCl-OA mixture solutions was investigated for first time 
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ABSTRACT: Development of certified reference materials for arsenic speciation has  been in the focus research at NRC 
Canada for over thirty years. In the presentation an overview will be given on historic developments on arsenic speciation in 
marine organism and the latest results on novel reference materials for arsenic speciation will be discussed. Speciation ar-
senic in water and sea water reference materials certified to contain low / sub ppb total As was performed. Methylated As 
species at the low ppt were observed using a HG-CT-ICP-MS system. The analytical process and the figures of merits will be 
presented and discussed. Results will also be presented on the characterization of suit of three arsenobetaine-certified refer-
ence materials by quantitative NMR. We have synthesized an arsenobetaine bromide high-purity standard of natural isotopic 
composition and two carbon-13-labeled isotopic standards Assignments of the chemical purity and isotopic composition are 
not trivial in the case of arsenobetaine, and in this study we utilized quantitative 1H-NMR techniques for the determination 
of the mass fractions (chemical purity). The isotopic purity of all three standards was also assessed by NMR from the car-
bon-13 satellite signals. The standards are non-hygroscopic, high purity (ca. 0.99 g/g), and the carbon-13 enrichment for 
both isotopic standards is x(13C) ≈ 0.99. These standards are designed for use as primary calibrators for mass spectromet-
ric determination of arsenobetaine in environmental samples. 
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The speciation analysis of chromium in environmental samples is of great importance due to different biological activity of 
Cr(III) and Cr(VI) species, their chemical behavior and toxic effects on humans and other living organisms as it is well 
known that Cr(VI) possess carcinogenic and mutagenic properties. However the chromium speciation analysis, even in 
surface and waste waters, is still a difficult analytical task. Main problems are associated with the low concentration of 
analytes, their transformation and strong influences of a complex sample matrix on analytical signal of chromium. 
Therefore, in order to obtain accurate and reliable results of speciation study, the analytical methods should combine the 
selective and efficient isolation/separation procedures of chromium species with their sensitive determination. 
In this work new methods for speciation analysis of chromium in environmental samples based on separation of chromium 
species by solid phase extraction and their determination by atomic absorption spectrometry with flame (FAAS) and 
electrothermal atomization (ETAAS) were proposed. For the separation and enrichment of chromium species a new selective 
sorbents - ion imprinted polymers (IIP) with imprinted chromium ions as Cr(III)-8-hydroxyquinoline, Cr(III)-1,10-
phenanthroline and Cr(III)-nicotinic acid were designed and synthesized. For isolation of chromium species from solid 
samples appropriate extraction reagents were selected and extraction procedures were developed. The extracted chromium 
species were separated by ion exchange chromatography on anion-exchange column after complexing a cationic form of 
Cr(III) with EDTA for formation of anionic Cr(III)-EDTA
-
 complex. The separated species were determined by inductively 
coupled plasma mass spectrometry with using 8800 ICP-QQQ spectrometer (Perlan Technology). For elimination of 
spectral interferences during determination of chromium in mobile phase the reaction cell with oxygen gas was applied. All 
developed methods were validated with the use of certified reference materials of wastewater RES 10.2, RES 25.2 and soil 
CRM041 and successfully applied for analysis of environmental samples (surface water, municipal wastewater, soil).  
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ABSTRACT: The arsenic (As) content in natural waters covers a wide range, i.e. from lower than 0.5 µg/L to more than 5000 
µg/L. High-As groundwater areas have been detected in Hungary, but aquifers in Argentina, Chile, Mexico, China, West 
Bengal (India), Bangladesh and Vietnam are also affected by natural As contamination. In terms of the extent of the popula-
tion exposure to high As concentrations, the West Bengal basin leads with more than 40 million people. On the other hand, 
the toxicity of As depends on its oxidation state and chemical environment. Thus inorganic As(V) and methylated As(V) spe-
cies are less toxic than (in)organic As(III) species. Therefore, As speciation gives more realistic information on the exposure 
of the population to As than total As, although the latter is also necessary to be determined. 
Conventional As speciation methods involve in high performance liquid chromatographic (HPLC) separation on ion-
exchange columns followed by hyphenation to an atomic spectrometric detector most commonly nowadays, inductively cou-
pled plasma mass spectrometry (ICP-MS). Development of alternative methods aiming at reducing the operational costs by 
substituting either HPLC or ICP-MS, or both has been attempted. Solid phase extraction (SPE) with cation and anion ex-
change cartridges seems to be reliable for on-site separation of inorganic As(III) and As(V) as well as organoarsenicals, 
such as dimethylarsinic acid and monomethyl arsonic acid present at low µg/L concentrations.  
Water supplies in Hungary also suffer from natural As contamination, especially in the southeastern part of the country. Af-
ter the accession of Hungary to the European Union (EU), Hungary had to adopt the EU/83/1998 regulation that prescribes 
As content in drinking water lower than 10 µg/L. Regarding this, Hungary received derogation twice, in order to give 
enough time for efforts to meet this strict regulation. By the end of 2016, As reduction technologies had to be implemented in 
all settlements with affected water supplies. In the present work, an easy method involving the use of SPE cartridges has 
been applied for monitoring the technological water purification processes aiming at reduction of As with potassium per-
manganate and iron(III) sulfate used as an oxidizing agent and a coagulant, respectively, in water works companies. After 
on-site separation of As(III) and As(V), the separated and acidified fractions can be easily analyzed by any powerful, but 
low-cost atomic spectrometric techniques, such as high-resolution continuum source graphite furnace atomic absorption 





LIBS and XRF analysis of heavy metals adsorbed in fish bones:     
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ABSTRACT: In the present work, the fish bones that known to have unique adsorption capacity were used for removal of 
heavy metals (Cu and Co) from wastewater. Sorption process exhibits a function of initial metal concentration and contact 
time. Laser induced breakdown spectroscopy (LIBS) as a spechtrochemical analytical technique is used for qualitative and 
quantitative analysis of the water samples. X-ray Fluorescence (XRF) is exploited to characterize the remediation of 
wastewater. Under optimized conditions, the accuracy of LIBS calibration curves is confirmed by using XRF technique. Fur-
thermore, lower detection limits of Cu and Co were calculated, as well as, the removal efficiency percentage for Cu and Co 
was compared. The results assure that the removal efficiency for copper is higher than that of cobalt. The Langmuir and 
Freundlich isotherm models analyzed the equilibrium adsorption data. However, the pseudo-second-order kinetic model 
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ABSTRACT: Graphite Furnace Atomic Absorption Spectrometry (GFAAS) is well known and reliable method for elemental 
analysis. It applies for element determination in a variety of samples, including many environmental objects (ground water, 
soils, sediments, etc).  
Traditionally all environmental objects are treated by sample preparation before GFAAS measurement.  
But any sample preparation needs time, money and exposes to the risk of sample contamination, so it is desirable to exclude 
or at least simplify sample preparation. 
There are many reasons for sample preparation, one of them is desire to decrease nonselective absorbance during atomiza-
tion. The problem of nonselective absorbance has at least two sides: 
• Nonselective absorbance decrease intensity of emission and as results make analytical characteristics worse; 
• High dynamic nonselective absorbance may leads to some system errors in selective absorbance determination. 
Zeeman High Frequency Polarization Modulation background correction system [1] was presented as a method devoid of 
system errors in a case of high dynamic nonselective absorbance. After sufficient revision of the method [2] it was realized 
in an atomic absorption spectrometer MGA-1000 by Lumex Instruments. 
Results of Cd, Pb, As determination in some environmental objects are presented in the work. Features of Zeeman High Fre-
quency Polarization Modulation background correction allow us significantly decrease and simplify sample preparation. 
Reference  
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ABSTRACT: In this work, microwave assisted laser-induced breakdown spectroscopy (MW-LIBS) is used to record tem-
poral elemental release during combustion of biomass. This is also the first time Near-Field Applicator coupled MW-LIBS is 
presented in gas phase. The extended lifetime of laser induced plasma with increased plasma temperature enables improved 
analytical performance for LIBS detection of also the challenging elements, such as chlorine. New information on temporal 
elemental release from biomass fuels aids in power plant operation and designing to optimize the combustion process and 
avoid undesired side effects, i.e. slagging and fouling. 
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ABSTRACT: Atmospheric-pressure solution cathode glow discharge (SCGD) as an emerging analytical tool has attracted 
more and more attention attributed in the advantages of the simplexes in sensor measurement and low-cost. Moreover, re-
cent studies show that SCGD-AES can provide detection limits (DLs) for several metals, such as lithium, sodium, or potassi-
um, at or below the tens of parts per billion ranges [1,2]. However, SCGD systems provide heavy metals, such as Hg, Pb, 
and Cr, DLs higher than tens of parts per billion, which does not meet the requirements for quantifying heavy metals at very 
low levels, especially, in environmental and biological samples. Firstly, addition of the ionic surfactant CTAC to electrolyte 
solutions resulted in a decrease in dynamic surface tension, an increase in power density, and improvements in excitation 
efficiency, resulting in the enhanced sensitivity of SCGD-AES toward Cd, Hg, Pb, and Cr [3]. CTAC at 0.15% (mass per-
centage) showed maximum enhancement of emission signals. The DLs of Cd, Hg, Pb, and Cr were 1.0, 7.0, 2.0, and 42 
ng·mL
-1




)[5] and hexavalent 
chromium [6] analysis in aqueous solutions based on on-line-SPE and SCGD-AES with modified mesoporous silica were 





 extraction and removal in aqueous samples, respectively. Sensitive detection of Hg
2+
 was 
achieved with a DL of 0.8 µg/L, and Pb
2+ 
was 0.91 µg/L, which are significantly better than the earlier study with similar 
SCGD-AES. The lysine-modified mesoporous silica (Fmoc-SBA-15) with good selective adsorption of Cr(VI) at pH 3. An 
enrichment factor of 91 was achieved under optimized experimental conditions. A FI-SCGD-AES detection limit of 0.75 
µg·L
−1
 could be achieved for Cr(VI), with a linear range of 10–10000 µg·L
−1
. Moreover, the high reuse times of the materials 
and the low-cost characteristic of the FI-SCGD-AES make the method cheap. Thirdly, a novel method of hydride generation 
(HG) coupled to SCGD-AES for the ultratrace determination of tin, germanium, and selenium was developed[7]. In this nov-
el SCGD process, gas introduction was permitted using a hollow titanium tube as both the anode and sampling port. A sig-
nificant improvement in both selectivity and sensitivity was achieved, which was reflected in an improvement in the detection 
limits (DLs) by 3 orders of magnitude, in addition to successful valence analysis of Se without the requirement for chromato-
graphic separation. The detection limits of Sn, Ge, and Se were determined to be 0.8, 0.5, and 0.2 µg/L.  
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ABSTRACT: Aim of this work is to recognize different waste polymers through an innovative strategy based on a multivari-
ate approach and a non-invasive spectroscopic technique. Five different plastic waste samples were chosen for the investiga-
tion: polyvinyl chloride (PVC), polypropylene (PP), polystyrene (PS), high density polyethylene (HDPE) and low density 
polyethylene (LDPE). A calibration dataset was realized utilizing the corresponding virgin polymers. Hyperspectral imaging 
in the short wave infrared range (1000-2500 nm) was thus chosen to evaluate the different plastic spectral attributes final-
ized to perform their recognition/classification. After exploring polymer spectral differences by principal component analysis 
(PCA), a hierarchical PLS-DA model was built allowing to classify the five different plastic waste typologies. Finally, an 
interval PLSDA was applied in order to reduce the number of useful wavelengths to speed up the process without losing 
quality in the classification. The proposed methodology, based on hierarchical classification, is very powerful and fast, al-
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Significant amounts of plastics are released into environment due to careless or unsuitable handling, which is followed by 
unknown consequences for our eco system. One key step, studying interactions of microplastics with the ecological system, is 
to identify plastics within environmental samples. In this context, Infrared (IR) spectroscopy is one of the most common and 
robust analytical techniques to identify and characterise synthetic polymers, as it is fast, relatively cheap and highly selec-
tive. Unfortunately, ageing processes and surface contamination especially with bio-films impede this characterization. A 
complex and time consuming cleaning procedure is a common solution for this problem. However, it implies an artificial 
change of sample composition with a risk of losing important information or even damaging microplastic particles.  
In the present work, we introduce a new chemometric approach to identify contaminated and heavily weathered microplas-
tics without any cleaning. The main idea is to separate characteristic from irrelevant information within an FT-IR spectrum 
by evaluating vibrational bands only. Regarding this, we developed an automated software application, that uses FT-IR 
spectra to create high characteristic fingerprints by means of vibrational band information.  
A total of 300 unique naturally weathered micro particles were measured with FT-IR ATR and identified successfully with 
the new identification method. To that end, all samples were compared with a selection of common reference plastics and bio 
polymers. As it turns out, the accuracy of identification rises significantly from 60 % to 95 %. Our new approach can be a 
useful tool to compare and describe similarities of FT-IR spectra of microplastics. This may improve further research studies 


















Measurement of electron temperature and density in laser-induced 
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ABSTRACT: Optical breakdown causes expansion dynamics measurable for time delays up to orders of magnitude longer 
than the pulse duration. In laser-induced breakdown spectroscopy (LIBS), especially when using emission spectroscopy, 
line-of-sight measurements of the spectral plasma distributions are recorded. Typically, averages of the micro-plasma are 
dispersed to cover the near UV, visible to near IR wavelength range. Figure 1 shows shadowgraphs with image dimensions 
of 12.7 mm × 12.7 mm, following optical breakdown in laboratory air at standard ambient temperature pressure.  
 .                 
Figure 1: Images of air plasma following optical breakdown. Time delays (a) τ(a) = 1 µs and (b) τ(b) = 2 µs. 
 
The laser-supported, expanding plasma is generated with focused 850 mJ, 6 ns, 1064 nm radiation and projected using time-
delayed 532 nm, 14 ns laser pulses. The IR excitation radiation is focused from left to right. The images illustrate details 
including vertical stagnation layers and shock waves that show close to spherical or prolate spheroidal symmetry. Compari-
sons of Figs. 1 (a) and (b) indicate a maximum vertical diameter ratio of d(b)/d(a) ~ (τ(b)/τ(a))
0.4
 ~ 1.3, predicted by the Taylor-
Sedov blast wave model. Increased electron density, Ne, and temperature, Te, are anticipated near the outer regions, investi-
gated with computed tomographic Abel- or Radon- inverse transforms. For optically thin plasma, spectral line shapes can be 
resolved along the line-of-sight. The Ne and Te distributions are deduced from atomic line widths and ratios. 
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Inter-pulse delay influence on the plasma expansion dynamics in DP-
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ABSTRACT: Although dual pulse LIBS is a well-known and accepted technique for LIBS signal enhancement and was a 
scope of numerous and extensive analyses, the complexity of the phenomena involved make it still interesting for fundamen-
tal research on laser plasma processes. A relatively unexplored area of research includes the behavior of the dual-pulse la-
ser plasma in vacuum conditions in which the plasma plum expansion is not a linear function of laser pulse density or inter-
pulse delay but it is governed by non-linear mechanisms. It manifest in some threshold conditions for different regimes of the 
plasma behavior. In the research described in this paper the carbon dual pulse laser plasma is characterized by LIBS and 
ion time of flight diagnostics (Electrostatic Ion Energy Analyzer, Ion Collectors). Several regimes of plasma expansion can 
be observed depending on the inter-pulse delay, which cannot be explained by linear combination of the ion components 
resulting from subsequent pulses. The influence of the non-linear phenomena also manifests in the ion energy increase and 
considerable plasma life time growth for given irradiation parameters. Ion groups separation is observed by LIBS and it 
increases flexibility in terms observation of particles of a given charge states and energy independently. The research is 
complemented by investigation of laser produced craters for single and dual pulse operation in dependence on the inter-
pulse delay. The research attempts to explain the observed phenomena, which also facilitates understanding the processes 
occurring in dual pulse interactions in atmospheric conditions.  
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ABSTRACT: Spectroscopic detection of fluorine in solid samples, and in particular using Laser-Induced Breakdown Spec-
troscopy (LIBS), is a challenging task due to the low excitation efficiency of this element. The most common approach to 
fluorine analysis is the use of a Helium atmosphere to increase the signal-to-background ratio of fluorine atomic lines in the 
infrared spectral region (680-710 nm). Alternatively, the measurement of molecular compounds formed in the LIBS plasma 





system is investigated to improve the analytical capabilities of atmospheric air LIBS for the determination of fluorine traces 
in solid samples. In a first step, it was investigated the quantification capabilities of LIBS in powdered samples with calcium 
content. In particular, Cu matrix samples containing different fluorine concentration (between 50 and 600 µg/g), and varia-
ble amounts of Ca, are used to demonstrate linear relationships between CaF emission signal and F concentration. The 
analysis of fluorine in calcium-free samples was also investigated, in particular the use of an external source of Ca to form 
the CaF molecular bands by the nebulization of a Calcium Nitrite solution over the sample surface. This process could be 
carried out as a sample pre-treatment in which the nebulization is independent of the LIBS analysis, or it could be simulta-
neous to the analysis. In addition, it has been investigated the analytical capabilities for fluorine detection in a concentration 
range between 50-800 µg/g obtaining a detection limits comparable with those obtained in Ca-containing sample. Further-
more, a study of the influence of the aerosol in the laser-induced plasma, focused on the change in the plasma emission and 
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ABSTRACT: Plasmas have been generated by laser-matter interaction in an uncountable variety of experimental conditions. 
Even plasmas produced by lasers for analytical purposes were generated in a vast multiplicity of conditions, using different ex-
perimental arrangements and diverse techniques for their characterization and analytical data processing. Motivated by diversi-
fied applications and the need of measurement optimization, LIBS plasmas were generated with laser beams of various wave-
lengths, pulse durations, pulse energies, focusing geometries, under different background gases and pressures. In addition, dou-
ble-pulse laser irradiation was applied to improve the plasma properties in the view of analytical measurements. Beside the 
LIBS measurements mostly performed using time-resolved spectroscopy, numerous techniques were employed to characterize 
the temporal and spatial evolution of laser-generated plasmas. Among these, fast imaging was applied to characterize the ex-
pansion dynamics of excited plasma species. This technique was amended by using narrow band optical filters, enabling thus the 
selective observation of individual plasma species. Shadowgraphy and interferometry were used to follow shock waves and elec-
tron density, respectively. Several research groups reported detailed diagnostics using time- and space-resolved optical emis-
sion spectroscopy. Moreover, efforts have been dedicated to the evaluation of self-absorption that presents one of the main diffi-
culties in the characterization and exploration of the dense laser-produced plasmas. Thus, absorption measurements with the 
aid of a duplicating spherical mirror or an additional radiation source were performed. To improve the accuracy of electron 
density measurements via Stark broadening, the direct measurement of electron density and temperature via Thomson scattering 
was investigated. The in-situ characterization of LIBS plasmas was completed by the evaluation of the ablated mass via the 
analysis of the laser-produced craters. In addition to the experimental investigations, efforts in modeling have been dedicated to 
improve the understanding of the processes involved in laser ablation, plasma generation and plume expansion. This task is par-
ticularly difficult for typical LIBS conditions, when a nanosecond laser pulse generates a plasma under atmospheric pressure. 
As a matter of fact, there is nowadays no model that enables the accurate prediction of plasma properties and their evolution as 
a function of time and space for given experimental conditions. Modeling is limited to the qualitative description of the observed 
phenomena. Alternatively, several recent approaches ignore the initial processes of laser ablation and plasma ignition, describ-
ing only the plasma evolution in the time of interest for LIBS analysis. In the mostly applied calibration-free LIBS measurement 
procedures, the plasma is characterized at a given instant using the equilibrium approach. In contrast, the non-equilibrium case 
is aspired in some LIBS experiments on organic materials, tending to establish a correlation between the chemical bonds in the 
material and plasma emission spectrum. Molecular emission attracted growing interest in the past years, motivated by isotopic 
analysis, measurements of halogens or other hardly detectible elements, and for diagnostics of LIBS plasmas of organic materi-
als. The aim of the present contribution is to give an overview on recent developments in the characterization of laser-produced 
plasmas and to point out open questions and requirements for further developments in laser-induced breakdown spectroscopy.              
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ABSTRACT: The early stage of the plasma heated by fs laser pulse is investigated through a self-consistent model coupling 
the Boltzmann equation for free electrons and the collisional-radiative model of atoms and molecules. The plasma heating is 
described by considering the fast oscillating electric field generated by the laser pulse. The energy is transferred to the sur-
rounding gas through electron collisions. This model allows the determination of the coupling between the radiation field 
and the ambient gas. The model has been applied to hydrogen plasma.  
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ABSTRACT: We demonstrate how transmission gratings in fused silica can be used to build ultra compact spectrometers 
with high resolution and throughput. When combined with our new fast and accurate digital electronics, we obtain an ideal 





LIBS system on the basis of Nd:YAG laser with multiloop cavity  
self-Q-switched by external plasma mirror. 
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ABSTRACT: Diode pumped passively Q-switched holographic Nd:YAG laser with a multiloop cavity affords a high quality 
laser beam due to the application of an output coupler in the form of a phase-conjugate mirror on gain gratings created in-
side the active medium. The laser equipped with such a cavity provides a pulse train energy up to 40% of the corresponding 
values for Fabry-Perot cavity based lasers. The loop cavity allows the adjustment of generation modes by outer optical im-
pacts, i.e. via the reflection from a plasma mirror formed by the laser plasma of LIBS-characterized material. The applica-
tion of a passive shutter with a high initial transmission in the considered optical system can provide an intensified Q-
switching. LIBS system based on this advanced laser allowed us to develop a compact installation for the distinguishing of 
materials from the distance at least 5 m. Furthermore, a shutter-free transition to a Q-switching mode is also possible in this 
system. In this case the laser oscillation is provided as a pulse train with the duration adjustable via the variation of laser 
diode pumping current. A drawback of this mode relates to the insufficient stability of pulse train energy and time perfor-
mances. A significant stabilization of these parameters is achieved in the case of LIBS-analysis of materials with a relatively 
low ablation energy affording the transition of laser oscillation to a self-Q-switched mode-locking regime. It was found that 
the application of the corresponding algorithm for plasma emission spectra processing allows an effective identification of 
materials even at unstable pulse train parameters. Earlier a high reliability of this algorithm based on spectrum normaliza-
tion after each laser shot for automatic distinguishing of materials using LIBS technique was demonstrated within a broad 
range of spectrum measurement delay times at pulse repetition rates up to 30 Hz. The efficiency of the considered approach 
based on every spectrum normalization in order to compensate the plasma emission instability was also confirmed. In this 
study the automatic distinguishing of materials was achieved at the distance up to 0.45 m and an enhanced LIBS system is 
suggested on the basis of a laser capable of transition into a self-Q-switched mode by LIBS plume. For better understanding 
of self-Q-switching mechanism involving the plasma mirror the further research is required in order to obtain an adjustable, 
reproducible and sustainable laser operation mode. 
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ABSTRACT: In LIBS technique, for the determination of plasma parameters and element concentration, the existence of 
Local Thermodynamic Equilibrium is crucial to describe the plasma through Saha-Eggert relation and Boltzmann-Maxwell 
distribution. In most of the papers, the McWhirter criterion is used to check the validity of LTE condition; this criterion 
provides the minimum electron density which is needed to warrant LTE in the plasma, defined as the value for which 
collisional depopulation rates for all electronic levels are at least ten times the radiative depopulation rates. It is worth to 
remind, however, that this criterion is not a sufficient condition to guarantee LTE. Conventional Boltzmann plots based on 
the experimental intensity of emission lines, on the other hand, can be used to assess the partial LTE of excited levels but are 
unable to provide information on the population of the ground level of neutral atoms and ions, which are the levels more 
populated and more prone to exhibit PLTE effects. In this work, we present a new experimental method to evaluate LTE in 
laser induced breakdown spectroscopy which is based on comparing the temperatures describing ground and excited states. 
While the temperature of excited states is calculated by using a conventional Boltzmann plot, the ground states temperature 
is obtained by introducing a modified Saha–Boltzmann plot, making use of columnar densities of ground levels calculated by 
quantifying self-absorption of resonance lines. Whenever the two calculated temperatures are the same, lower and higher 
atomic energy levels are populated according to the same Boltzmann distribution and therefore LTE condition is fulfilled. 
The proposed approach, making use of homogeneous plasma approximation, constitutes a rapid way to check the validity of 
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ABSTRACT: CSigma laser-induced breakdown spectroscopy (Cσ-LIBS) is an approach for quantitative analysis by LIBS 
developed recently by our group and patented by the Public University of Navarre. It is based on the use of so-called Cσ 
graphs, which are generalized curves of growth allowing to include several lines of different elements. In this approach, 
conventional calibration with a wide set of standard samples is replaced with a characterization stage, in which the parame-
ters characteristic of the plasma and the system are determined by fitting Cσ graphs obtained from spectra measured with a 
reduced set of standards. Once characterization has been accomplished, elemental concentrations of other samples are ob-
tained through fitting of Cσ graphs using an arbitrary initial value of concentration. In previous works, our group has vali-
dated the method for the analysis of slags and rocks prepared as fused glass samples. In the present work, we report an ex-
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ABSTRACT: The interaction between laser produced plasma (LPP) and the ambient gas is largely studied by optical emission 
spectroscopy (OES). The latter constitutes a basic technique for laser induced breakdown spectroscopy (LIBS). In this work, 
carbon plasma created by a KrF excimer laser was studied under methane and argon atmosphere by OES. The time of flight 
(TOF) profiles of the emitting species of C, C
+
, C2 observed in vacuum, methane and argon gas allows to differentiate the 
emission features of each species in each ambient gas. Furthermore, the CH radical and Ar
+
 appeared only in methane and 
argon gas respectively. The TOF reveals a double peaks for C2 and a triple peaks for C at 1 mbar of argon gas, but not ob-
served in methane one. Into both gases, the spatiotemporal evolution of all plasma species as well different components of 
neutral carbon C and C2 reveals the origin of each one. Moreover, into argon ambience, the first peak of C and C2 follow the 
plasma expansion whereas the second peak moves backward undergoing reflected shocks. It was found using the Maxwell 
Boltzmann distribution function that the translational temperature is strongly affected by the nature and the pressure of ambi-
ent gas. A shock wave generating by the plasma species-gas interaction in contact interface was highlighted. Some chemical 
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ABSTRACT: DP-LIBS is an important way to enhance the emission intensities to improve LIBS analytical capability. The 
combinations of laser pulses with different pulse width, laser wavelength and laser power have been studied. Four geomet-
rical configurations have been employed to realize DP-LIBS technique. A new collinear long and short DP-LIBS method was 
proposed to improve the detection ability and measurement accuracy by the control of the plasma cooling process using the 
long pulse-width laser radiation. The laser-induced plasma was generated by the short pulse-width laser and the external 
energy was supplied by the long pulse-width laser with the pulse width of 60 µs(FWHM) under FR (free running) condition, 
which means the Q value of optical resonant cavity does not change during laser pulse formation, to sustain the plasma to 
improve the detection ability and feasibility in the real applications due to its collinear configuration. Simultaneously, the 
optical fiber delivery is easy for the long pulse-width laser radiation because peak laser intensity is low. Employing the pro-
posed long and short DP-LIBS, the different samples of solid phase and gas phase were measured under various conditions 
to clarify its detection ability, as well as underwater measurement using the proposed long and short DP-LIBS. The emission 
intensity of signal and the signal to noise ratio can be enhanced using DP-LIBS. The plasma generated by the short pulse-
width laser is stabilized and maintained at high temperature during the plasma cooling process by long pulse-width laser 
radiation. There are also other excellent features of this method. For example, there are the cleaning and pre-treatment ef-
fects of target surface by long pulse-width laser radiation in condition that the short pulse-width laser, which induces the 
plasma, is applied in the middle of the long pulse-width laser radiation, as shown in Fig.1. These results demonstrate the 




                               (a) Single pluse LIBS Spectra     (b) Long and short DP-LIBS Spectra 
Fig.1 LIBS Spectra from rusted steel samples 
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ABSTRACT: Microwave assisted Laser induced laser induced breakdown spectroscopy has been shown enhance the 
detection signal to noise ratio. The type of devices needed to deliver microwave to the laser induced plasma is critically 
important. These devices must be able to deliver pulsed microwave radiation localized in a very small volume, typically ~ 
2mm
3
. There are many electromagnetic factors that must be considered to enable LIBS to benefit from sustaining the laser 
generated plasma with microwaves radiation and thus to enhance the elemental detection sensitivity. To evaluate a suitable 
NFA a series of experiments were preformed for simultaneous spectra detection and plasma imaging. This allowed us to 
evaluate the entire system sensitivity by monitoring the plasma spatial and temporal dimensions and by measuring the 
microwave-assisted signal enhancement for copper lines. Five different near field applicators were tested to evaluate the 
most suitable device to couple microwave radiation into the laser induced plasma. Simultaneous microwave assisted laser 
induced breakdown spectra were recorded targeting coper in solid samples. In addition the plasma images were 
simultaneously recorded for further understanding of the effect microwave power on the spatial plasma dimension. Typical 
examples of the plasma images are outlined in Figure 1 for five near field applicators a-e, or four microwave powers, 
namely 0, 0.3, 0, 0.75 and 1.2kWatt. The plasma images, averaged for 100 laser shots, recorder using a 633 nm long-pass 
filter by microwave-assisted LIBS in a copper bearing mineral ore solid sample. The laser energy was 2.6 mJ.  We 
demonstrate that by using a well-designed and tuned near field applicators, a significant boost in the signal of the copper 
line 324.754 nm with a factor of 849 is possible. Furthermore, an outstanding signal to noise ratio of 166 was recorded in a 
solid sample containing a certified 3.38 ppm copper concentration. 
Fig. 1: Enhanced plasma images for the five different types of NFAs, a-e. The microwave power and pulse duration were 
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ABSTRACT: In this paper, laser ablation and plasma radiation for single pulse and double pulse Laser Induced Breakdown 
Spectroscopy is modeled and simulated. The rate of ablation and the mechanism of ablation for Copper element in presence 
of Helium background gas at1atm pressure for several conditions are compared. Double pulse with different inter-pulse 
delay times and laser pulse energies are used to interact with sample and its effect on rate of ablation and plasma radiation 
was studied. Our results reveal that ablation rate in double pulse scheme is more than single pulse. Ablation profile is 
smoother than single pulse and also the optimized interval time between pulses is determined. It is being noted that our 
results show that this model is in good agreement with experimental result. Heat conduction equations in the target and also 
plasma expansion dynamics in the plume are solved. At the interface between the target and the vapor, Knudsen layer, 
equations of energy and mass are coupled. In addition, Saha–Eggert equations are used to investigate plasma formation. 
Effects of excitation energy on plasma expansion and its emissivity are studied. Moreover, the influence of plasma shielding, 
due to photoionization and inverse bremsstrahlung processes is considered. Continuous radiation, Bremsstrahlung and 
blackbody radiation, and spectral emissions of the plasma are also examined. The results show that in the double pulse 
scheme, continuous radiation decrease much earlier than the single pulse. Also, it is observed that FWHM in the double 















Model of Stimulated Emission in Aluminum Laser-Induced 
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ABSTRACT: Stimulated emission observed experimentally in aluminum laser induced plasma is modeled via a kinetic 
approach. The simulated emission at several cascade transitions is created by a pump laser guided through the plasma 
at several microseconds after its creation and tuned in resonance with the strong transition at 266 nm. A two-
dimensional space-time collisional radiative plasma model explains the creation of the population inversion and lasing 
at wavelengths 2.1 µ and 396.1 nm. The population inversion for lasing at 2.1 µ is created by depopulation of the 
ground state and population of the upper state via absorption of resonant radiation at 266 nm.  The population 
inversion for lasing at 396.1 nm occurs during the laser pulse via the decay of the population of the pumped upper state 
to the lasing state via cascade transitions driven optically and by collisions. The model predicts that the population 
inversion and corresponding gain may reach high values even at moderate pump energies of several µJ per pulse. The 
efficiency of lasing at 2.1 µ and 396.1 nm is estimated to be on the order of a percent of laser pump energy. The 
polarization effect that the pump radiation at 266 nm imposes on the stimulated emission at 396.1 nm is discussed. The 
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ABSTRACT: The temporal gap between the reaching of the laser photons onto the sample surface and the 
production of a plasma is a key characteristic of femtosecond laser ablation. Such absence of laser-
plasma interaction in the femtosecond regime opens a time window of several hundred of picoseconds to 
visualize the very early stages of laser ablation without the disturbance of plasma shielding, and in the 
real possibility of describing the timeline of the alterations of the sample surface with a time resolution 
limited by the detection system. 
Pump-probe time-resolved microscopy using femtosecond pulses has demonstrated a high reliability and 
reproducibility in monitoring the concerned surface alterations, with a temporal resolution only limited 
by the laser pulse width. This technique showed that an interference phenomenon called Dynamic 
Newton´s Rings is related to the shape of the ablation front by the number and width of observed rings. 
Since the laser wavelength plays an important role in the involved phenomena, it is of interest to study the 
temporal evolution of the surface as a function of the laser wavelength. The present study used a Ti:Sa 
laser providing 35 fs pulses, and a fundamental wavelength centered at 800 nm. Laser pulses run through 
a harmonic generator, which supplies the second and third harmonics of the pump beam. For the 
experiment, several pump-probe configurations have been used to study separately the effect of the laser 
pump wavelength and to reveal its implication on the ablation process. The results demonstrate that, after 
the arrival of the pump laser and prior to the onset of sample ablation, the surface evolves faster with 
beams of larger photon energy, as it has been observed by an earlier generation of Newton´s Rings at 
266 nm and 400 nm at delays of 300 approximately, whereas at 800 nm under the same conditions of 




Reactive molecular dynamic simulations to investigate 
molecular formation in laser-induced plasmas 
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ABSTRACT: The formation of diatomic molecules or radicals in the cooling phase of a laser-induced plasma is mainly 
determined by thermodynamical parameters as the local plasma temperature, pressure and particle density. We adapted the 
well-known method ReaxFF [1] to simulate the generation of molecular bonds in our time-resolving LIBS experiments. 
Instead of standard quantum mechanical or continuous simulation methods [2], ReaxFF uses a hybrid form based on the 
calculation of the bond order. The main advantage is the short computation time of molecular bonds compared to standard 
approaches. For several elements the specific parameters of the atomic force-fields are provided by Adri van Duin from 
Caltech University. This allows the simulation of molecular formation at a fixed thermodynamic equilibrium as well as 
ramp simulations to reveal temperature dependent molecular concentration profiles. Our molecular simulations allow to 
explain the observed molecular band emission, to investigate molecular interferences with other elements in the sample, and 
to determine the parameters of LIBS experiments in order to obtain high molecular band emission rates. 
As an application, we simulated the temporal behavior of molecular and radical species of CaO and CaCl to explain the 
observed molecular band emission of chloride-contaminated concrete. Quantitative LIBS measurements can help to 
determine the chloride content of buildings such as bridges or parking garages [3]. Their stability is drastically reduced by 
the diffusion of chloride from de-icing salt into the concrete. Corrosion of the steel reinforcement occurs if the chloride 
contamination exceeds a certain level. 
Acknowledgments: This project is supported by the German Federal Ministry for Economic Affairs and Energy (BMWi), 





 A.C.T. van Duin S. Dasgupta, F. Lorant, W.A. Goddard III, "ReaxFF: a reactive force field for hydrocarbons", 
J. Phys. Chem. A, 105, 9396-9409 (2001) 
2
 S.V. Shabanov, I.B. Gornushkin, "Anions in laser-induced plasmas", Appl. Phys. A 122.7, 1-24 (2016) 
3
 A.-S. Rother, T. Dietz, P. Kohns, G. Ankerhold, "Molecular laser-induced breakdown spectroscopy for elemental analysis 





Determination of Detection Limits of Trace Elements in 
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ABSTRACT: When two laser plasmas are formed adjacent to each other, in an ambient pressure of less than 
10-1 mbar, the plasmas will expand not normal to the target but also laterally. The plasmas will decelerate at 
the collision plane, with their kinetic energy being converted into excitation energy, forming what is known as 
a stagnation layer while the two initial plasmas are known as ‘seed plasmas’1. 
Current interest in stagnation layers comes from the ability to manipulate their physical characteristics; 
density, temperature, shape, etc. by varying target geometry or laser-target interaction characteristics2-3.  The 
traditional set up for generating stagnation layers involves using a wedge prism to split a laser beam into two 
parts; these beams are then focused onto the target with a lens. This system while useful for quickly and easily 
generating stagnation layers does have some drawbacks, principally the inherent asymmetry of the set up. 
When the upper half of the laser beam is passed over the wedge prism the lower half passes through the prism 
and is deflected downwards. The deflected beam gives rise to a focal spot with a somewhat elliptical footprint 
and consequently a seed plasma with potentially different characteristics than the one formed by the 
undeflected portion of the laser beam. Hence the resulting stagnation layer which can also become 
asymmetrical. To generate a symmetrical stagnation layer the wedge prism in the above set up was replaced 
with an axicon which can be either a plano-conical lens or a rotationally symmetric prism4-5. A Gaussian laser 
beam, passed through an axicon, is first transformed into a Bessel-Gauss beam, when passed through a plano-
covnvex lens an annular beam profile is formed at the focal plane of the lens. When a target is placed in the 
focal plane of the lens an annular plasma is formed, an example of an annular plasma is shown in figure 1. 
  
Figure 1. Time resolved broadband emission imaging of a copper plasma with a 5ns exposure time taken 5ns 
after plasma formation. 
 
Time-resolved broadband emission imaging has been employed to investigate the evolution of an annular laser 
produced plasma. To date it has been shown that a stagnation layer forms at the centre of an annular copper 
plasma formed at an ambient pressure below 1x10-3 mbar. A comparison between the limit of detection of a 
traditional LIBS set up, a dual seed plasma stagnation layer LIBS set up and an annular plasma stagnation 
layer LIBS set up will be drawn.  The results of these comparisons will be presented at the conference. 
 
1. Rumsby P.T., Paul J.W.M., Masoud M.M,. Plasma Physics, 1974, 16, 10, 969.  
2. Luna H., Kavanagh K.D. Costello J.T., Journal of Applied Physics, 2007, 101, 3, 033302-1 
3. Fallon C., Hayden P., Walsh N., Kennedy E.T., Costello J.C., Physics of Plasmas 2015, 22, 9, 093506 
4. Cabalin L.M., Laserna J.J., Journal of Analytical Atomic Spectrometry 2004, 19, 445 
5. Veloso F., Chuaqui H., Aliaga-Rossel R., Favre M., Mitchell I.H., Wyndham E., Review of Scientific 
Instruments, 2006, 77, 6, 063506. 
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ABSTRACT: The fundamental atomic data necessary for modeling and diagnostics of plasma pertinent to laser-induced 
breakdown spectroscopy (LIBS), i.e., energy levels and radiative transition probabilities, are already available for many 
years in the Atomic Spectra Database (ASD) of the National Institute of Standards and Technology (NIST). For about a dec-
ade, the ASD interface offers a limited capability to produce simulated spectra in the form of Saha-Boltzmann plots. To bet-
ter address the needs of the LIBS community, we developed a new user-friendly interface to the critically evaluated atomic 
data in ASD that allows generation of LIBS spectra in arbitrary plasmas. With this interface, it is easy to specify a plasma 
composition and rough initial estimates of observational parameters, such as electron temperature and density, wavelength 
range, and spectral resolution. Initial Saha-Boltzmann modeling is made on the server side, and all relevant data, such as 
spectral lines and energy levels data are transmitted to the user’s computer, which plots the simulated spectrum. Then it is 
possible for the user to change the appearance of the plot by zooming in and out or selecting graphs for individual species 
and recalculate the simulated spectrum with modified parameters. In addition, the user can load an experimental spectrum 
into the same plot and compare it with the simulation. In the first version, which is planned to be released in mid-2017, fit-
ting of the experimental spectrum can be made only manually, by changing the temperature, density, resolution, or element 
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ABSTRACT: Since its beginnings in the mid-1960s until recently, LIBS was a laboratory-based research technique. But to-
day, multiple commercial instrument manufacturers are offering field-portable LIBS systems, with detection limits in the 
µg/g range or better for certain elements. Software control of the analytical process, together with on-board signal pro-
cessing, have automated the entire analytical process and facilitated applications like surface mapping and depth profiling. 
Quantitative analysis is possible based upon empirical calibration curves derived from matrix-matched standards. Geo-
material identification and source determination can be readily achieved using chemometric analysis that compares ac-
quired LIBS spectra against a pre-assembled spectral library. Thus, the time has now arrived where LIBS analysis can be 
readily undertaken in the field, with analytical results generated in real time. Expecting application of field-portable LIBS to 
be widely applied and then discussed at future LIBS conferences, this presentation reviews important recent LIBS studies of 
geological materials and highlights some of the current geological research being undertaken within the LIBS community. 
Such applications range from simple elemental/material identification and quantitative analysis of specific elements in vari-
ous geological matrices to mineral and rock provenance determination, stratigraphic correlation, isotopic analysis, and 




Lithium Brine Analysis to PPM Levels using Hand Held LIBS 
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ABSTRACT: Lithium mining is becoming increasingly important as the usage of lithium ion batteries continues to grow 
worldwide.  Lithium extraction from saline groundwater brine deposits have now become a larger lithium source than hard 
rock mining. There is a critical need for a quick and simple analysis method for both the raw groundwater during explora-
tion as well as during the lithium concentration process as the water is evaporated.  In this paper we investigate brine solu-
tions, which typically contain 5% NaCl, that range in lithium concentration from 0 to several thousand ppm.  A technique 
will be described that utilizes LIBS emissions from plasmas created directly on the water surface.  The advantage of this 
method is that there is no requirement for any drying or extraction.  LOD’s of less than 10ppm have been realized for which 
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ABSTRACT: LIBS analysis into transparent samples and glasses has been widely investigated in the literature. LIBS analysis 
of non-absorbing substrates and transparent samples stems from irreversible damages like micro cracks and the fracturing 
of the material. In high reflective index targets the penetration of the laser radiation into the sample following multi time 
internal reflections leads to macro sized cracks. This drawback limits the applicability of the LIBS technique for the precious 
samples like gemstones or ancient glasses. In this work we propose a variation of Nanoparticle Enhanced LIBS (NELIBS)[1] 
as a new approach to use the NPs deposition technique to mediate the laser and material interaction such that the break-
down of the particles deposited on the surface prevent the laser to penetrate into the transparent medium. The explosion of 
the NPs deposited on the surface of the sample transports the elements of the target material into the plasma phase. That 
superficial ablation on the target surface creates only Nano-sized damages on the sample surface which are only detectable 
with electron microscope. This new variation of the NELIBS approach enables the non-invasive qualitative and quantitative 
analysis of delicate transparent materials, including cut and polished gems and archaeological samples. 
[1] ] A. De Giacomo, C. Koral, G. Valenza, R. Gaudiuso, M. Dell’Aglio, Perspective on the use of nanoparticles to improve 
LIBS analytical performance: Nanoparticle enhanced laser induced breakdown spectroscopy (NELIBS), J. Anal. At. Spec-
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ABSTRACT: Since the knowledge of heavy metal concentrations allows the decision of several scientific tasks in oceanology, 
the study of slurries and sediments is of great importance in oceanological research. Here some of the abovementioned tasks 
should be listed: (i) description of geochemistry of the oceanic sedimentary process that allows one to create geochemical 
model of the modern ocean; (ii) development of a basis for comparative lithological study for modern and ancient oceanic 
sedimentary formations; (iii) creation of a general scheme for the ore formation in the ocean since new mineral deposits are 
one of the criteria by which one can judge about the features of a particular type of lithogenesis; (iv) monitoring the amount 
of trace elements because many of them are of interest to their industrial mining (for example, rare-earth elements). The 
main markers to search for ore deposits within pelagic sediments are often the ratios of main components, e.g. the ratio of 
iron to manganese in iron-manganese nodules (IMN) samples. This value is used to determine the age of the sample that is 
related to its price as time accumulates rare-earth metals in the nodules. Determination is complicated by at least two fac-
tors: strong matrix effects and the lack of suitable reference samples for reliable calibration. Therefore in present work the 
analysis of nodule samples has been performed by calibration-free LIBS technique (CF-LIBS). In order to determine detec-
tor's delay (2.5 µs) and gate (0.25 µs) corresponding to local thermodynamic equilibrium, the study of plasma evolution was 
carried out: plasma temperature was determined by the two lines method (Mn I lines at 447.28 nm and 447.93 nm), and elec-
tron density was calculated using Stark broadening parameters of Fe I lines at 517.15 nm. A pulsed laser with a repetition 
rate of 5 Hz and an energy of 45 mJ/pulse has been used in the experiment. The emission of plume has been projected onto a 
slit of high-aperture Czerny-Turner spectrometer («HR 320» (ISA, USA) resolution of 45 000 at 400 nm and 120 000 at 520 
nm) through the optical fiber. The possibility of semi-quantitative determination of basic components ratio in iron-
manganese nodules samples by calibration-free LIBS has been demonstrated: the ratio has varied from 0.2 to 4.2. Compari-
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ABSTRACT: Compared to other atomic emission spectroscopy techniques, Laser Induced Breakdown Spectroscopy (LIBS) 
leads numerous advantages, as well as uncertainties in the measurements of elemental composition and elemental 
concentrations in a samples, mainly due to fluctuations in laser energy and laser-sample interaction. As a matter of fact, 
precision and accuracy improvements are currently promised by appropriate measurement routines (i.e.: repeated measure-
ments and averaging of spectra) or by data processing [1]. Taking advantage from standardization routines applied for 
quantitative measurements in other techniques, such as X-ray spectroscopy, the main aim is this research is to evaluate the 
precision and the accuracy of LIBS by analyzing a selection of geostandards [2] consisting in powders of rocks and minerals 
which provenance, elemental composition and concentration is well known. The comparison between geostandard and LIBS 
measurement has allowed discussing about the precision and accuracy of the method in geological samples analysis.           
 [1] Wang, Z., Li, L., West, L., Li, Z., Ni, W (2012) A spectrum standardization approach for laser-induced breakdown 
spectroscopy measurements, Spectrochimica Acta Part B: Atomic Spectroscopy, 68, 58-64 
 [2] Govindaraju, K. (1994), 1994 compilation of working values and sample description for 383 geostandards. Geostand-
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ABSTRACT: We have used laser-induced breakdown spectroscopy (LIBS) to classify sulfur minerals. Previously the spectral 
region between 180 and 220 nm has been utilized to separate the economically important minerals e.g. sphalerite (ZnS) and 
chalcopyrite (CuFeS2).  The VUV spectra have been obtained from the drill core samples in ambient air, using nitrogen 
purged spectrograph and high quality quartz fiber. Since this setup is hard to modify for the mine conditions, current project 
utilizes near-infrared detection, which is easier to customize for the remote measurements. The potential of NIR-LIBS (800 – 
1300 nm) as a fast mineral identification technique for the differentiation of the ore and gangue minerals has been studied 
and results have been compared with simultaneous VUV-LIBS measurements. Maps of the mineral distributions have been 
constructed based on the chemometrics. Obtained estimations of the contents of the different mineral species could be further 
used for the optimal beneficiation of excavated material and the optimization of the enrichment processes. Especially the 
information about the contents of the sulfur containing by-products, like the most common sulfide mineral pyrite (FeS2), in 
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ABSTRACT: A successful pilot study of a columbite–tantalite suite from North America by Harmon et 
al. [1] and Hark et al. [2] that used a laboratory LIBS system resulted in correct place-level geograph-
ic classification at success rates above 90%. In this current study, we used a handheld LIBS system to 
analyze in real time, a set of columbite-tantalite samples from Lithium-Cesium-Tantalum-enriched gra-
nitic pegmatites from Connecticut and California (USA). The hand-held LIBS system has the advantage 
of rapid analyses of unprepared samples, but also can successfully identify the presence of light ele-
ments (e.g. Li & Be) which currently is not possible with any other portable instrument. 
In general, our LIBS data indicates that the composition of columbite-tantalite from California is 
uniquely different from that of Connecticut. A PCA scores plot for all spectra collected from our sam-
ples reveals that classes are best defined by differences in Fe and Mn content regardless of their prove-
nance. Chemical heterogeneity among samples from the same pegmatite was easily recognized. These 
results reinforce the idea that a handheld LIBS system has the potential for in situ field analysis of a 
broad range of elements in real-time and can be a useful tool in the assessment of chemical variation in 
columbite–tantalite from regionally different granitic pegmatites. 
 
[1] Harmon, R. S., Shughrue, K. M., Remus, J. J., Wise, M. A., East, L. J., & Hark, R. R. (2011). Can 
the provenance of the conflict minerals columbite and tantalite be ascertained by laser-induced break-
down spectroscopy?. Analytical and Bioanalytical Chemistry, 400(10), 3377-3382. 
 
[2] Hark, R. R., Remus, J. J., East, L. J., Harmon, R. S., Wise, M. A., Tansi, B. M., Shughrue, K. M., K. 
S. Dunsin, & Liu, C. (2012). Geographical analysis of “conflict minerals” utilizing laser-induced 




Three-dimensional compositional mapping of limestone by double-
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ABSTRACT: The composition, shape, and distribution of minerals in a rock depend mostly on its formation mechanisms and 
environment. Thus, the spatial distribution and chemical composition of minerals in a rock are very important to understand 
its textural development and history. Electron-probe microanalysis (EPMA) and micro-x-ray fluorescence (µXRF) are gen-
erally used to analyze geological samples and to obtain X-ray compositional mapping. The EPMA features an image and 
analytical spatial resolution greater than µXRF, especially when coupled with energy-dispersive spectrometry (EDS). How-
ever, samples to be analyzed by EPMA must be flat, polished and require carbon coating, thus mapping of large samples 
involve a number of sample preparation and acquisition issues. Further, an important operational mode allows to obtain the 
composition of samples at different depths, i.e. tomographic or 3D compositional information. The present work aims to in-
troduce a new technique for studying the alteration conditions of a limestone sample collected from a quoin of the external 
wall of the Castello Svevo, Bari, exposed for decades to urban environment. The approach combines a microscale three di-
mensional compositional mapping with the analysis of sample. The technique is based on double-pulse micro-laser-induced 
breakdown spectroscopy (DP-µLIBS) in conjunction with optical microscopy. The compositional mapping is obtained by 
scanning the laser beam across the rock sample surface, while the in-depth analysis (several microns) is performed by im-
pinging multiple laser pulses on the same sample point. A chemical imaging technique is able to analyze the surface compo-
sition and discriminate adjacent layers of the sample in relation to surface sensitivity and lateral and depth resolutions 
which are generally defined by sampling depth, area and shape of each individual analysis, and which define the application 
niche of each surface analytical technique. The DP-µLIBS technique shows to be very effective for high-resolution and fast 
3D compositional mapping of the limestone rock studied, showing also a good sensitivity to sample surface roughness. Fur-
ther, the technique can be applied to the analysis of any rock sample, devoid of any treatment, and is able to detect elements 
of low atomic weight not suffering from limitations involved with the use of standard techniques such as EPMA, µXRF, LA-
ICP-MS. Finally, the mapping approach introduced here may represent an important and very competitive tool in future 
studies, also for investigating altered rock samples of different origin and nature. 
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ABSTRACT: The first extraterrestrially employed LIBS instrument is ChemCam on NASA’s Mars rover Curiosity, which has 
been successfully analyzing materials on the martian surface since the rover’s landing in August 2012 [1,2]. The success of 
ChemCam has led to the selection of the SuperCam instrument [3] for NASA’s upcoming Mars2020 rover mission. As for 
ChemCam, SuperCam will have a LIBS telescopic system combined with a high-resolution color remote micro-imager cam-
era [4] for remote analysis, along with the added capabilities of complementary Raman spectroscopy, time-resolved fluores-
cence spectroscopy, and visible and infrared reflectance spectroscopy [5,6]. Time-resolved Raman spectroscopy will be done 
with the same spectrometer and detector that are used for the third wavelength range for LIBS, providing the possibility of 
also recording time-resolved LIBS data in a wavelength range of 536 – 853 nm. The detection of S in ChemCam data, which 
falls in this range, is challenging, in particular when samples with high Fe are analyzed. As the S emission is ionic and the 
superimposed Fe lines are mainly neutral, their emission occurs in different temporal regimes, which can be utilized for their 
differentiation with time-resolved LIBS. Here, we present studies on Fe-Sulfate, Pyrite, and Pyrrhotite measured in martian 
atmospheric conditions where we explore the S and Fe typical emission behaviors and develop strategies for improved S 
detection in martian targets. All data was taken at the LIBS set-up at DLR Berlin in simulated martian atmospheric condi-
tions (7 mbar) with a high resolution (14-96 pm) Echelle spectrometer (Aryelle Butterfly, LTB Berlin) covering continuously 
270-850 nm with an intensified CCD and a Nd:YAG laser (1064 nm, 8 ns, 10 Hz). 
References: [1] Maurice et al. (2012) Space Sci. Rev., 170. [2] Wiens, R. C. et al. (2012) Space Sci. Rev., 170. [3] Wiens et 
al. (2015) AGU Fall Meeting, Abstract #P51E-05. [4] Gasnault et al. (2015) LPSC, Abstract #2990. [5] Clegg et al. (2015) 
LPSC, Abstract #1832. [6] Fouchet et al. (2015) LPSC, Abstract #1736. 
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ABSTRACT: In gem testing routine, one of the main requirements is to obtain the maximum amount of information without 
sample preparation. Even the classical gemological methods allow usually identifying the mineralogical identity of a gem, 
the possibility to inspect aspects as provenance of natural gemstone, and invasive and blind treatments often require the ap-
plication of more sophisticated methods able to give back quantitative information [1]. Moreover, due to the development of 
more and more refined synthesis method, the discrimination between natural and synthetic gems is not trivial. Among gem-
stone analysis techniques, Laser Induced Breakdown Spectroscopy (LIBS) is increasingly worth considering; the method, 
already tested for example in origin determination of emeralds [2] or detection of Be-diffusion treatment in corundum [3], 
provides rapid results on trace-element contents, the latter considered a fingerprint of a gem. Moreover, determining a min-
imal damaging (an ablation area of just few micrometers), it can be extensively used on both cut and raw gemstones. In this 
prospective, the present paper intends to contribute the researches in gems analytics providing the results of LIBS measure-
ments on a meaningful sampling of natural (both cut and raw specimens) and synthetic rubies and sapphires, highlighting 
the potential of the method in helping gemological laboratories for the fast, easy, micro-destructive and reliable discrimina-
tion between natural and synthetic corundum, as well as provenance determination. 
[1] C.M. Breeding, A.H. Shen, S. Eaton-Magaña, G.R. Rossman, J.E. Shigley, A. Gilbertson, Developments in gemstone 
analysis techniques and instrumentation during the 2000s, Gems & Gemology, 46, 2010, 241–257. 
[2] G. Agrosì, G. Tempesta, E. Scandale, S. Legnaioli, G. Lorenzetti, S. Pagnotta, V. Palleschi, A. Mangone c, M. Lezzerini 
Application of Laser Induced Breakdown Spectroscopy to the identification of emeralds from different synthetic processes, 
Spectrochimica Acta Part B, 102, 2014, 48–51. 
[3] M.S. Krzemnicki, H.A. Hänni, R.A. Walters, A new method for detecting Be diffusion-treated sapphires: Laser-induced 
breakdown spectroscopy (LIBS), Gems & Gemology, 40, 2004, 314–322. 
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ABSTRACT: Garnet is commonly used as a geochemical pathfinder mineral in diamond exploration. Pyrope, the Mg-Al 
variety of garnet (Mg3Al2Si3O12), which is exceptionally rare in upper crustal rocks but transported to the Earth’s surface in 
kimberlites and alkaline volcanic rocks produced in deep mantle sources, is the main garnet type of interest in this context. 
Kimberlite garnets associated with diamonds tend to be low-Ca, and Ti-poor, but enriched in Mg and Cr. The pyroxene di-
opside (MgCaSi2O6) and the oxide minerals ilmenite (FeTiO3) and chromite (FeCr2O4), are similarly useful in identifying 
diamondiferous kimberlites. A 2-part study was undertaken using the SciAps Z500 LIBS analyser to assess the potential for 
the in-field analysis of kimberlite minerals by handheld LIBS to distinguish between diamond-bearing and barren kimber-
lites. The first part of the study documented that the common garnet compositions can be readily discerned on the basis of 
their broadband LIBS spectra and the second part demonstrated that pyrope from kimberlites could be distinguished and 
diamond-bearing kimberlites recognized. Overall success for garnet type discrimination was 90.2%. Mn-Al spessartine, Ca-
Cr uvarovite, and Fe-Al almandine were distinguished from the other Ca-Fe andradites, Ca-Al grossular garnet classes at 
success rates of 96-98%. Significant misclassification was observed only for the Fe-Al almandine, Ca-Fe andradites and 
Ca-Al grossulars, which form a complete solid solution series and which commonly occur in intermediate compositions. 
Pyrope from South Africa was discriminated from all other pyropes at ~90% success based on differences in the intensity of 
emission lines for Na, Mg, Ca, Al, Mn, Fe, Cr and Li. Likewise, different diamond-bearing kimberlites from within South 
Africa could likewise be confidently differentiated at an overall success of >96% with the loading weights for the same eight 
elements being associated with the discrimination. Suites of garnet + clinopyroxene ± ilmentite ± chromite were successfully 
utilized to discriminate 10 diamondiferous and 5 barren kimberlites from South Africa, Namibia, Canada, and the USA at 
90% success, with emission lines for Mg, Ca, Cr, Ti, and Fe the most important contributors to the discrimination. These 
results highlight the potential that handheld LIBS, with its capability for the rapid chemical analysis in the field without the 
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ABSTRACT: The Laser-Induced Breakdown Spectroscopy (LIBS) technique has the advantage of analyzing the material 
without contact, thus making it suitable for in-the-field and real-time analysis of any type of materials, solid, liquid, slurries 
or gas.  Because of its unique features, LIBS is currently a subject of great interest by several industrial sectors where there 
is a need for fast elemental analysis that cannot be addressed by conventional analytical methods.  The driving force for this 
growth appears to be the unveiling of significant technological developments in the components (lasers, spectrometers, de-
tectors) used in LIBS instruments, as well as emerging needs to perform real time measurements under conditions to which 
conventional techniques cannot be applied.   
The LIBS principle of operation is quite simple, although the physical processes involved in the laser–matter interaction are 
complex and still not completely understood. In this presentation, we will highlight lessons learned from experience in the 
implementation of the LIBS technique, the pros and cons on what to do and avoid. In addition we will outline NRC activities 
in the development of LIBS technique and its applications for on-line measurements in various fields in the mining sector. 
Based on these applications, we will discuss the LIBS instrumentation in terms of robustness, analytical performance for the 
mining value chain and comparison to conventional techniques. We will also present a case study with focus on LIBS for 
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ABSTRACT: The LIBS technique has become an important method for the elemental analysis of rocks and soils on Mars [1]. 
The ChemCam instrument, that is part of the NASA mission Mars Science Laboratory applies LIBS at stand-off distances 
since 2012 ([2],[3]). Due to its achievements the follow up instrument SuperCam of the Mars 2020 mission will also use 
LIBS in combination with other spectroscopic methods [4]. Since LIBS measurements are influenced by matrix effects and 
varying experimental conditions the data needs to be normalized. This is especially important for LIBS applications in the 
field of planetary exploration, as the encountered geological samples show variations on different scales and the 
measurement parameters are not fixed like in a laboratory. Several normalization methods have been proposed in previous 
studies, such as using the total emission intensity [5], the emission intensity with continuous emission removed [6], the C(I) 
247 nm peak [7] or the plasmas continuous emission [8]. It was shown that these approaches can work well under specific 
conditions, but do not provide a general normalization method. In this study we test an approach that uses plasma 
parameters, namely temperature and electron density, for the normalization under Martian conditions. In the work of [9] 
and [10] this method was applied to terrestrial laboratory LIBS data of glass and steel samples. Both observed reduced 
fluctuations in shot-to-shot measurements.   
The LIBS set-up at DLR has an Echelle spectrometer (UV: 190-375 nm and NIR: 270-850 nm, Aryelle Butterfly, LTB), a 
simulation chamber, where pressure and atmospheric composition can be adjusted, a 1064 nm Nd:YAG laser (10 Hz 
repetition rate, 8 ns pulse length) and a time-gated intensified CCD camera. We investigated various geological samples 
relevant for Mars such as basalts and andesites to test which normalization is best suited for LIBS data taken under Martian 
atmospheric conditions. The influence on univariate and multivariate calibration will be analyzed. Moreover, we are testing 
combinations of different normalization methods and compare the results to the commonly applied methods. Advantages and 
drawbacks for different sample types will be discussed. 
 
 
References: [1] Maurice et al. (2016), J. Anal. At. Spectrom.; [2] Wiens et al. (2012), Space Sci. Rev.; [3] Maurice et al. 
(2012), Space Sci. Rev.; [4] Clegg et al. (2015), 
46th 
LPSC, #2781; [5] Body and Chadwick (2001), Spectrochim. Acta B; [6] 
Wiens et al. (2013), Spectrochim. Acta B; [7] Rapin et al. (2016), Earth and Planetarty Sc. Letters; [8] Schröder et al. 
(2015), Icarus; [9] Panne et al. (1998), Spectrochim. Acta B; [10] Feng et al. (2010), Spectrochim. Acta B 
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Mapping the geochemical stratigraphy of Mt. Sharp in Gale Crater, 
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ABSTRACT: The ChemCam instrument on board the NASA Mars Science Laboratory (MSL) Curiosity rover is the first La-
ser-Induced Breakdown Spectroscopy instrument operating on another planet. The main scientific goal of the MSL mission, 
is to investigate the layers of Mt. Sharp (formally Aeolis Mons), a 5-km high sedimentary mound in the center of Gale 
Crater, Mars, for clues to the past habitability of Mars. These sedimentary layers of Mt. Sharp provide a geological record 
of the transition between the ancient wet climate on Mars, featuring long-lived lakes on the surface, towards the hyper-arid 
climate observed on Mars today. Due to the low cost of LIBS measurements in terms of both time and power, ChemCam is 
active on most sols (Mars solar days), and thus uniquely capable of tracking fine-scale bedrock chemistry variations ob-
served as the Curiosity rover continues to climb up Mt. Sharp. This enables us to recreate the geochemical stratigraphy of 
Mt. Sharp in unparalleled spatial resolution. The up-to-date geochemical stratigraphy of Mt. Sharp will be presented, and 
the issues related to using LIBS for planetary rover missions – including comparisons to other chemistry instruments on the 
Curiosity rover - will be discussed. 
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Abstract: The direct determination of halogens by conventional atomic absorption spectrometry is not possible, once their 
resonance lines are below 190 nm in the vacuum-UV. An alternative for the atomic resonance lines is the indirect determi-
nation via diatomic molecules composed by the halogen and a molecule-forming reagent. The gaseous diatomic molecules 
are able to absorb radiation in the ultraviolet and visible wavelength range and like the absorbance of atoms, that of dia-
tomic molecules also obeys Lambert-Beer’s law. In the 1980s and 1990s some workers proposed the use of line-source 
atomic absorption spectrometers for the determination of halogens, using wavelengths, emitted by a line source that acci-
dentally coincided with a molecular absorption band; however this practice was susceptible to interferences since the spec-
tral neighborhood was unknown and the available background correction systems failed. Thus, the low-resolution mono-
chromator of line-source atomic absorption spectrometers cannot separate correctly the fine structure of the molecular 
bands. With the advent of high-resolution continuum source atomic absorption spectrometry, the determination of halogens 
via diatomic molecular spectra became possible due to the high-resolution monochromator system), providing a better split 
of the wavelengths, a high intensity xenon arc lamp emitting a continuum between 190 nm and 890 nm, and a CCD array 
detector, which permits a threedimensional view of the spectra and the spectral neighborhood. These features made the 
determination of halogens possible with low limits of detection when compared with electrochemical or classic methods. 
Several papers have been published describing the determination of fluorine, chlorine and bromine, using a series of met-
als as reagents, which are able to form a diatomic molecule with the halogen at high temperatures provided by the electro-
thermal vaporization. However, there is a lack of publications about iodine determination by HR-CS GF-MAS; the reason 
is the low dissociation energy of the diatomic molecules formed with iodine, less than 500 kJ mol
-1
, which turns the mole-
cule unstable at high temperatures and, in the presence of other halogens, the competition for the molecule-forming rea-
gents results in low sensitivity and interferences. Some diatomic molecules of iodine presented a good thermal stability, 
even with dissociation energy lower than 500 kJ mol
-1
, when submitted to an optimized temperature program, such as BaI, 
which exhibits high sensitivity when pyrolysis temperatures up to 600 
o
C and a vaporization temperature of 2000 
o
C were 
applied in a graphite tube without permanent modifier [1]. Calcium can also be used as molecule-forming agent and, with 
an optimized temperature program of 1500 
o
C pyrolysis and 2500 
o
C vaporization temperature, using an iridium-coated 
tube, produces a highly sensitive band. This work presents a comparison between CaI, BaI, SrI and YI molecules, studying 
their characteristic mass, thermal stability, permanent modifiers, possible interferents, more sensitive wavelengths and 
possibilities of applications.[1] M.D. Huang, H. Becker-Ross, S. Florek, M. Okruss, B. Welz, S. Morés, Spectrochim. Acta 
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ABSTRACT: Two fragments of ordinary chondrites NWA 6286 LL6 and NWA 7857 LL6 were characterized using optical 
and scanning electron microscopy with energy dispersive spectroscopy, X-ray diffraction, magnetization measurements and 
Mössbauer spectroscopy. We observed in these meteorites: i) some variations in the phase composition, ii) small variations 





 between the M1 and M2 sites in the silicates and the temperatures of cations distribution 
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ABSTRACT: Laser-induced breakdown spectroscopy (LIBS) has shown great potential in coal analysis, steel analysis, envi-
ronmental monitoring, etc. However, low sample-to-sample reproducibility of LIBS is the most critical obstacle for accurate 
quantification and wild commercialization of the technology. Averaging multi-pulse normalized spectra was nearly the only 
applied method to improve the sample-to-sample reproducibility, while the method can only improve the reproducibility to 
some extent. In addition, the measurement accuracy of LIBS was also limited due to matrix effects. In this work, the resource 
for generating measurement uncertainty was analyzed and method was proposed to improve the measurement reproducibil-
ity. A set of method to improve both precision (sample-to-sample reproducibility) and accuracy for LIBS quantification was 
then proposed. The method includes three steps: 1) the intensities of all spectral lines from every single pulse are converted 
to a standard state value using a “spectrum standardization” method to reduce the measurement uncertainties to some ac-
ceptable levels; 2) the standardized spectra are compared with a large spectral database for identification to check whether 
the current measured sample is a new sample or has already been in the database with known composition/property infor-
mation; 3) if the sample is found to be a new sample, a dominant factor based partial least square (PLS) model will be ap-
plied to provide quantitative analytical results and the new standardized spectral information and analytic results are insert-
ed into the spectrum database, making the database self-adaptable for future measurement; while if the sample is found to be 
already in the database, the analytic result will be directly obtained from the database. The proposed method was applied for 
coal analysis. Results showed that the relative standard deviations (RSD) of carbon for different measurements of the same 
sample become 0.3%, proving that LIBS is able to providing high reproducibility at least for coal analysis applications. The 
average measurement errors for carbon, hydrogen, volatile, ash, heat values is 0.42%, 0.05%, 0.07%, 0.17% and 0.07MJ/kg, 
respectively, and all of these measurement accuracies have totally reached the requirement by the national standard of Chi-
na for coal analyses using traditional chemical methods. This is the first qualified quantitative application for LIBS with real 
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ABSTRACT: More than 230 slag samples from secondary metallurgy are taken during steel production and analyzed at-line 
by laser-induced breakdown spectroscopy (LIBS). The slags consist of several major and minor oxides (CaO, Al2O3, MgO, 
SiO2, FeO, MnO, TiO2, Cr2O3, P2O5, …) with varying concentrations. Plasma is induced by single-pulse Nd:YAG laser 
radiation (1064 nm) and the plasma radiation is detected in collinear geometry with Echelle spectrometer and time-gated 
ICCD camera [1]. Off-line reference analysis of the oxide concentrations CN in slags are performed by X-ray fluorescence 
spectrometry (XRF). An automated calibration-free (CF) LIBS system is employed to measure spectra in the UV and VIS 
ranges and to quantify the concentration CCF of the major oxides. The total time-to-analysis from slag sampling to CF-LIBS 
calculated oxide concentrations is around 3 minutes per sample. The major oxide concentrations determined by CF-LIBS 
and XRF are compared. The stability of analysis, the influence of sample homogeneity/heterogeneity and temperature, and 
the errors of concentration are investigated. The minor oxide P2O5 is analyzed by calibration-based LIBS using XRF data as 
reference. The influence of gas purge and of matrix normalization on the limits of detection is investigated. The errors of CF-
LIBS and calibration-based analyses are compared for slags from the production and for homogenized slags.  
 
 
[1] C.M. Ahamer et al., Laser-induced breakdown spectroscopy of major and minor oxides in steel slags: Influence of 
detection geometry and signal normalization, Spectrochimica Acta Part B 122 (2016) 157-164. 
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ABSTRACT: In the continuous casting of stainless steels and tool steels, several material grades are sequentially produced 
on the same machine. Changing from one composition to the other is done without stopping and restarting the continuous 
caster, mainly for productivity reasons. As a result, a certain length of the cast material has a composition intermediate be-
tween the one of the first and of the second grade. This so-called transition billet must be cut away and cannot be sold as 
such: it is usually recycled in the process. For economic reasons, the length of this transition billet has to be kept to a mini-
mum but, in the absence of an on-line chemical analysis, some extra-length has to be accounted for as a safety margin. 
Hence, in order to save material, it would be of the highest interest to be able to assess on-line the exact position where the 
final required steel composition is reached.  
In the scope of the European project LACOMORE, laboratory and industrial tests were carried out in order to determine the 
position of the transition by on-line LIBS measurements. One of the main difficulties in this application of the LIBS technique 
is the presence of a rather thick oxide layer at the surface of the billet, the composition of which can differ from the bulk due 
to the preferential migration of some elements into the oxide. Several techniques were applied by the researchers involved in 
the project to minimize the impact of the oxide layer on the determination of the transition (Metallurgical model, Artificial 
Neural Networks, discriminant functions, sophisticated statistical analysis…). Several publications on these topics by the 
corresponding authors are now available in the literature. 
In this paper, two complementary approaches are evaluated for the minimization of the impact of the oxide layer. The first 
method consists in increasing the number of measurements to get an accurate statistical representativeness of the oxide 
composition. The setup used is described and the evaluation of the obtained precision on the position of the transition is giv-
en. The implications on the industrial implementation are also discussed. The second approach aims at measuring the bulk 
composition of the material by penetrating through the oxide layer while the billet is moving. Two procedures have been 
tested to reach this goal: the first one uses a very high repetition rate laser (up to 100 kHz) which is fast enough to generate 
several pulses at the same place despite the billet movement. This paper describes the practical implementation of the meth-
od, and evaluates its efficiency through the examination of the depth of the laser impacts by several techniques. The ad-
vantages and drawbacks of this kind of lasers for the addressed purpose are also commented. Finally, the paper analyses the 
possibility of applying a beam steering technique to aim several pulses of a 20 Hz laser at the same place, digging through 
the oxide. The method is based on an image analysis algorithm controlling a beam steering device in closed loop. 
Finally, the industrial applicability and the advantages and limitations of these techniques are discussed in the scope of the 
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ABSTRACT: Laser-Induced Breakdown Spectroscopy (LIBS) as a promising elemental analytical method has been widely 
studied for iron-making process [1]. With the features of fast response, real-time and non-contact, LIBS can be applied to 
the iron-making plants. It is vital for analytical precision of LIBS to generate a uniform and stable plasma. In previous study, 
the long-short dual-pulse LIBS (DP-LIBS) were employed to measure the metallic samples [2]. A long pulse-width laser 
beam was used to control the plasma cooling process during the LIBS measurement. In order to study the long-short dual 
pulse LIBS in detail, the dynamics and parameters of the plasma, which is generated by long and short dual pulses laser, are 
investigated through observation of plasma emission and calculation of plasma parameters in this study. 
            
Fig.1 Images of the plasma dynamics                                        Fig.2 Intensity ratio of Mn/Fe 
Fig.1 shows the images of the plasma dynamics using SP-LIBS (single-pulse LIBS) and DP-LIBS. The plasma is stronger 
and more uniform when using the long-short dual pulses laser. The delay time dependence of intensity ratio of manganese 
line and iron line is shown in Fig.2. Using SP-LIBS, the intensity ratio of Mn/Fe continuously increases as the delay time 
increasing. Compared with SP-LIBS, the increase of the intensity ratio becomes slow using the long and short DP-LIBS. It is 
worthy to notice that the intensity ratio seems to be constant around delay time 3000 ns. The plasma observation and ratio 
calculation results demonstrate that the long-short dual pulses laser can generate a more stable and uniform plasma from 
the steel sample. Thus the long and short dual pulses laser is a promising way to produce signals for LIBS measurement. 
 
[1] Y. Deguchi, Industrial Applications of Laser Diagnostics (CRC Press, New York, 2011), 107-133.   
[2]   Z. Wang, Y. Deguchi, et al. “Emission characteristics from laser-induced plasma using collinear long and short dual-
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ABSTRACT: Laser-induced breakdown spectroscopy (LIBS) is applied for the elemental analysis of steel blooms in a rolling 
mill. The 2-3 tons steel blooms with superficial scale are transported in a sequence on a roller table to successive processing 
steps. Laser ablation of the scale and the analysis of the subsurface bulk steel is carried out using the same laser in less than 
50 s during scheduled stop times of the roller table. Up to 14 elements are measured for several hundreds of blooms of low 
and high alloy steel during routine production. The results are compared with the nominal compositions of the rolling se-
quence which demonstrates the feasibility for material identification. 
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ABSTRACT: SciAps recently introduced its second-generation handheld LIBS analyzer with several enhancements which 
include size and weight reduction, wider spectral range, higher laser shot rate, among others.  In this presentation, we will 
first review the technical capabilities and recent improvements.  These improvements have opened the door for more accu-
rate steel analysis including testing for carbon and silicon in low alloy and carbon steels.  Quantifying carbon content, par-
ticularly in the range of 0 – 1%, is crucial for grade separation and assessing physical properties of carbon steels. Monitor-
ing of low silicon content in carbon steels is useful for industrial applications, particularly petrochemical refining where 
silicon can protect against corrosion in high temperature processes.  We will present data from both lab and in-service steels 
showing reliable quantification of carbon as low as 0.1% and silicon as low as 0.02%.   
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ABSTRACT: Trace-metals form part of coal contaminants and they occur in different modes. The difference in bonding for 
these elements depends on their chemical properties. Therefore, the mobility behavior of trace-metals must be evaluated to 
get more insight on their eco-toxicity. Hence, this work describes the development of a rapid microwave-assisted sequential 
extraction (MW-ASE) method followed by ICP-MS analysis for determination of metal mobility in coal samples. Five differ-
ent extraction reagents [Milli-Q water, HCl (5M), HNO3 (2M), H2O2 (3M) and HNO3 (7M)] were utilised and key parame-
ters such as temperature, time, and sample amount were optimized using multivariate approach. Under optimum conditions, 
V, Ga, Sr and Ba were the only metals that showed solubility towards water, therefore, they can be classified as highly mo-
bile and eco-toxic under wet conditions. Additionally, all the investigated metals showed solubility towards acidic conditions 
(HCl & HNO3). These results, suggest that, the metals are predominantly bonded to the sulphate, sulphide, and carbonate 
minerals of the coal. Under oxidized environment (H2O2), most metals showed some solubility except for Sr, Ce and Pb. 
Strontium and lead were 100 % extracted from coal using the previous reagents, but Ce showed total extraction recovery of 
90 % only while Y was only recovered at 80 %. Therefore, these two metals have strong affinity towards clay and silicon 























Elemental imaging by LIBS: recent advances 
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ABSTRACT: The imaging capability of laser-induced breakdown spectroscopy (LIBS) has a high potential in various do-
mains including biology, industry, geology and medicine (figure 1). This approach can be distinguished by its ease in use, 
multi-elemental capability, detection of light elements, as well as operation at ambient conditions. This is furthermore the 
only all-optical technique providing space-resolved elemental information with ppm-scale sensitivity and µm-range resolu-
tion. These advantages, make LIBS imaging very attractive to be used in research laboratories for routine investigations. 
However, advanced technological solutions must be found for this application since elemental imaging requires high sensi-
tivity, sharp spatial resolution, high speed of acquisition as well as the ability to process a huge quantity of data. In this 
presentation, we will summarize the recent progresses made in the Light and Matter Institute and the CRITT concerning the 
implementation of the LIBS imaging. Different examples will be shown with the aim of illustrating the specificities of LIBS 
among other elemental imaging approaches, such as the possibility to detect and image light elements, the coupling with 
optical and Raman imaging and the analysis of large-scale samples. Different perspectives and remaining challenges will be 
finally proposed.  
 
Figure 1: Examples of elemental images represented in false color scale, a) megapixel images of a turquoise gem stone, b) 




LIBS Imaging of Drill Core Samples for the Mining Exploration  
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ABSTRACT: Detailed geological models and mineralogy knowledge greatly assist the mining industry in locating mineral 
resources, and can reduce the need for expensive drilling, saving time and money. LIBS logging technology provides a high-
ly selective and sensitive means of gaining this information from materials and drill cores derived from drilling. Until recent-
ly, geologists, metallurgists, and geotechnical engineers had to manually interpret and record minerals found in these mate-
rials. This manual method – the visual interpretation of drill cores – is 
labor intensive and subject to human error. LIBS technology enables a 
systematic and selective way – based on the physics of atomic emission 
spectroscopy (AES) – to minimize or eliminate human error via auto-
mation. Small gold nuggets, which cannot be seen by the human eye 
(i.e. less than 150 µm), are revealed by LIBS imaging. An intelligent, 
automated instrument that can flag gold nuggets and map different 
geochemical deposits in drill cores has been developed for the mining 
industry. When benchmarking this drill core analyzer against existing 
technology, it is possible to see the significant advantage that can be 
achieved with this technology in the mining industry. First, LIBS imag-
ing provides the highest selectivity for elemental imaging through 
atomic emission spectroscopy. Second, the surgical resolution of laser 
ablation, the ease of scanning a large area and adapting to any sample 
shape and size, makes the instrument the best solution for permanent 
core logging. Hence, logged data can be used to discover new exploit-
able mines in the future using data mining, when other element de-
mand becomes economically viable to extract. LIBS logging technolo-
gy has the potential to eliminate the need for keeping drill core sam-
ples in core shacks as prescribed by the authorities.  The results ob-
tained using this drill core analyzer enable the logging of 200 to 1000 meters of drill core samples per day. The results pre-
sented in this paper demonstrate that miniscule gold nuggets can be easily outlined on drill core samples coming from differ-
ent types of mineralogical assemblages (e.g. pyrite, marcasite, arsenopyrite). In addition, the results show that different typi-
cal geochemical signatures can be identified using an intelligent algorithm. The high throughput analysis demonstrated here 
showcases LIBS logging technology as a potential game changer in the field of mining exploration. 
 
 
25 x 25 mm2 scan of a core sample with 50μm spatial
resolution that represent 251 001 LIBS spectra acquired 
in 4 minutes. 
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Influence of grain sizes on the quantification of  
LIBS measurements in concrete 
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ABSTRACT: Concrete is a multiphase material made of cement, aggregates and water. The heterogeneity of concrete is a 
result of mixing aggregates (grain size between 0.125 mm to 32 mm) and cement (grain size < 0.04 mm) together. There are 
always aggregates with a grain size below 0.125 mm (flour grains) therefore the cement matrix is always a mixture of these 
small particles. Different grain size distributions by making concrete are important to ensure the needed density and com-
pressive strength. In order to estimate the remaining lifetime of concrete structures the quantification of element concentra-
tions of alkali and chlorides regarding to the cement matrix only (1/3 of the total mass), is a major concern in civil engineer-
ing [1]. Due to two-dimensional scanning with LIBS the coarse aggregates can be evaluated and excluded from the analysis 
(see figure 1, left). In the case of particles (flour grains and cement) smaller than the laser spot size, the microscopic hetero-
geneity influences the laser-plasma interaction and has therefore an impact on the results (see figure 1, right). In this study 
the influence of the micro-heterogeneity and the impact on the laser-material interaction is examined [2-3]. The effect of 
changing ratios between cement particles and aggregate particles in the laser-induced plasma has been analyzed (see figure 
1, right). Therefore, different samples with defined grain sizes are prepared and the obtained distributions were analyzed 
with x-ray diffraction (XRD). For the LIBS measurements, an automated system that operates with a low energy NdCr:YAG 
laser (pulse energy of 3 mJ, a wavelength of 1064 nm, a pulse width of 1.5 ns, a repetition rate of 100 Hz) and a NIR Czerny-
Turner spectrometer has been used.  
 
Figure 1: Photo of a concrete sample with visible coarse aggregates (left). Illustration of the micro-heterogeneity. The dis-
tribution of different grains may have a great impact on the evaluation (right). 
 
[1] Weritz, F.; Schaurich, D.; Taffe, A. & Wilsch, G. Effect of heterogeneity on the quantitative determination of trace ele-
ments in concrete Analytical and Bioanalytical Chemistry, Springer-Verlag, 2006, 385, 248-255 
[2] Carranza, J. E. & Hahn, D. W. Assessment of the Upper Particle Size Limit for Quantitative Analysis of Aerosols Using 
Laser-Induced Breakdown Spectroscopy Analytical Chemistry, 2002, 74, 5450-5454 
[3] de Carvalho, G. G. A.; Jr., D. S.; da Silva Gomes, M.; Nunes, L. C.; Guerra, M. B. B. & Krug, F. J. Influence of particle 
size distribution on the analysis of pellets of plant materials by laser-induced breakdown spectroscopy, Spectrochimica Acta 







Integrated Laser Sensor (ILS) for characterization and extended 
mapping of remote targets      
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ABSTRACT: Here we present an innovative Integrated Laser Sensor (ILS) that combines four different laser spectroscopic 
techniques and two vision systems in an unique, transportable instrument. The ILS is equipped with an autofocus and per-
forms scanning over a target at distances between 8 and 50 meters with chosen grid density. The system is self-powered and 
remotely controlled via wireless communication, thus it could be employed also in hazardous areas. Beside the visual inspec-
tion with a low or a high magnification, a powerful combination of different spectroscopic techniques allows collecting in-
formation about: material change from one scanning point to another, presence of surface contaminants, surface’s molecu-
lar composition and elemental composition of top target layers, the latter achieved by LIBS (Laser Induced breakdown Spec-
troscopy). ILS has been fully developed at ENEA for security applications under EU FP7 project EDEN, and it was success-
fully tested in two outdoor campaigns. However, ILS has a great potential in many other applications and has been already 
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ABSTRACT: LIBS-Stratigraphy
[1,2] was applied to the investigation of galvanised steel sheets as a typical modern multi-layer 
coating system for environmental corrosion protection. The samples were ablated stepwise by the use of two different wave-
lengths of a frequency-converted Nd:YAG-laser, 266 nm and 532 nm, with a pulse duration of τ = 4 - 10 ns at fluences rang-
ing from F = 50 - 250 J/cm
2
.  
The emission light of the resulting plasma was analysed as a function of both penetration depth and elemental spectrum in 
terms of linear correlation analysis
[3]
. Elemental depth profiles were calculated and compared to EDX-cross sections of the 
cut sample. 
 A mathematical algorithm designed for the reconstruction of layer structures from distorted emission traces, caused by the 
Gaussian ablation profile
[2,4] can resolve even thin intermediate layers in terms of depth and thickness. The obtained results 
were compared to a purely thermally controlled ablation model. 
Thereby deviations in the ablation behaviour of Al but not of Ni are witnessed. The average ablation rate (h) as a function of 
fluence F for Ni ranges from 1 - 3.5 µm/pulse for λ = 266 nm as well as for λ = 532 nm. In contrast, the h range for Al differs 
from 2 - 4 µm/pulse for λ = 532 nm and 4 - 8 µm/pulse for λ = 266 nm in the exact same fluence range on the exact same 
sample. This points towards an element-selective wavelength-dependent plasma coupling
[5] which influences the metal abla-
tion with pulsed ns-lasers in addition to thermal heat transfer in the bulk metal. 
 
[1] T. O. Nagy et al., Applied Surface Science (2016), in print, accepted for publication: 
http://dx.doi.org/10.1016/j.apsusc.2016.12.059 
[2] T. O. Nagy et al., Applied Surface Science 302 (2014) 189-193. 
[3] M. P. Mateo, et al., Surface and Interface Analysis 38 (2006) 941-948. 
[4] J. Krüger and W. Kautek, Adv. Polym. Sci. 168 (2004) 247. 
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ABSTRACT: In our recent study we have proved beneficial utilization of echellograms in Laser-Induced Breakdown Spec-
troscopy (LIBS) experiment. sCMOS detectors provide the option to detect spectrally resolved information selectively, i.e. to 
readout only certain pixels from the whole image on the detector. This leads to significant decrease of readout time and thus 
to possibility of high repetition rate laser sampling (up to kHz).  
In this work we aim to advance direct utilization of echellograms in LIBS experiment. Qualitative elemental analysis based 
on position in echellograms was provided, hence giving basic library of most common spectral lines. Performances of sever-
al algorithms for identification of peak positions were compared. Classification of steels and aluminum alloys certified refer-
ence materials was assessed employing linear and non-linear chemometric algorithms applied on typical 1D LIBS spectra as 
well as selection of echellograms pixels (spectral lines). Main improvements were achieved in terms of robustness and stabil-
ity of the method. Phase correlation method was used to mathematically investigate the thermal shift of the echellogram on 
the detector and its influence on classification accuracy was also estimated. Considerable effort was also invested in the 
study of area (its smallest possible size) surrounding each spectral peak (position of local maximum in detected intensity) in 
the image to yield robust and sensitive analysis.  
Presented results suggest feasibility to directly detect selected pixels on intensified detector and thus to overcome conven-
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ABSTRACT: We are investigating remote LIBS and Raman spectroscopy using miniature spatial heterodyne spectrometers 
(SHS) for planetary exploration.  The SHS is a dispersive interferometer that offers high optical throughput and high spec-
tral resolution, and it is amenable to miniaturization.  In recent work, a SHS was used for standoff laser-induced breakdown 
spectroscopy (LIBS) measurements. In the described SHLS system the collection aperture was defined by the 10 mm diffrac-
tion gratings in the SHS.  Standoff LIBS measurements were made with this system up to 20 m with no additional collection 
optics, corresponding to a collection solid angle of 0.2 micro-sr, or f/2000, using a 130 mJ/pulse 532 nm laser.  The ability 
to miniaturize a SHS Raman spectrometer (SHRS) was recently demonstrated using a standard cell-phone’s built in CMOS 
camera and imaging optics, with 2.5 mm sized diffraction gratings in the SHRS.  A similar SHRS system is being used for 
remote Raman spectroscopy for sample distances up to 10 m.  One long-range goal of our studies is to develop remote SHRS 
and SHLS spectrometers that are compatible with CubeSat architectures, which are made up of 1U units of 10×10×10 cm. 
To achieve this goal several components of the spectrometer will need to be greatly reduced in size and weight compared to 
traditional instruments.  An overview of these systems will be presented along with a discussion of the potential for further 





NanoLIBS and its applications 
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ABSTRACT: We will present a variety of real world applications for our NanoLIBS handheld LIBS spectrometer, including 
detection of mineral deficiency in biological tissues, identification of pharmaceutical salts, sorting of metal alloys, analysis 
of glass pharmaceutical bottles, etc. The NanoLIBS employs a micro diode-pumped Q-switched solid-state laser with a high 
repetition rate of well above 1 kHz in comparison to 1-10 Hz repetition rate lasers as used in a traditional LIBS instrument. 
The laser beam is fast scanned over a pre-defined area, hence generating several thousands of micro-plasma emissions per 
second at different locations. Synchronized miniature CCD array spectrometer modules measure these thousands of micro-
plasma emissions to produce a LIBS spectrum. By integrating the intensity of this plurality of micro-plasma emissions, the 
signal-to-noise ratio (SNR) of the obtained LIBS spectrum can be greatly improved. This unique feature of the high repetition 
rate laser based LIBS system allows it to measure elements at trace levels, hence reducing the limit of detection (LOD). In 
addition, the energy of the individual laser pulse can be reduced in comparison to traditional LIBS system to obtain the same 





Laser-ablation alteration of iron sulfides studied at different simulat-
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Introduction:  Complementary Laser-Induced Breakdown Spectroscopy (LIBS) and Raman spectroscopy have a high potential for in 
situ geochemical and mineralogical analyses for planetary exploration. LIBS obtains elemental composition, whereas Raman spectroscopy 
provides information on the molecular structure and thus can be used for the determination of the mineralogy of geological samples as 
well as identifying organic and biogenic material. These techniques are highly synergetic and can be integrated into a single compact 
instrument that can share hardware components as the laser, spectrometer, light-collecting optics, and pointing/focus mechanisms. Com-
bined LIBS-Raman instruments for investigation of, i.e., Mars and Venus surfaces have been proposed in a number of studies (e.g., [1]–
[3]). A combined LIBS-Raman instrument, SuperCam, for remote (a few meters) analysis on Mars is currently being developed for NASA’s 
Mars 2020 mission [4].  
The LIBS plasma can reach temperatures over 10k K and is accompanied by a plasma shock wave that might alterate the measured 
minerals, which are then captured by Raman spectroscopy. In addition, specific changes can be associated with Raman laser irradiation 
[5]. Therefore, when LIBS and Raman spectra are collected successively from the same location, the analysed material can undergo phase 
changes. Here, we present studies of LIBS ablation-caused alteration of iron sulfides in different atmospheric conditions analyzed by 
subsequently taken Raman spectra. 
Experiments:  The investigated samples were made from natural minerals, pyrite (FeS2, origin: Spain) and pyrrhotite (Fe1-xS, Kola 
Peninsula, Russia), and had optically polished upper surfaces. They were shot with a LIBS pulsed 1064 nm Nd:YAG laser with 50 pulses at 
a power of 4.9 mJ (pulse duration ~5 ns) focused on a ø 400 µm spot size on the sample’s surface. The space-relevant conditions (for 
Mars: premixed gas at 7.0 mbar; 1 bar of Martian-like gas mixture and for atmosphereless: vacuum) have been simulated in a dedicated 
chamber. The produced craters have been analyzed by optical- and Raman microscopy afterwards, using a cw laser at 532 nm with a laser 
power of 1.0 mW. The atmospheric conditions have been kept constant over both LIBS- and Raman measurements. The chamber remained 
sealed between LIBS and Raman measurements in order to avoid interaction with the Earth’s atmosphere. 
Results:  In all measurements, craters were produced with a sharp, central depression reaching up to 44 µm in depth. Ablated volumes 
ranged from 1.2-1.5 mm
3
 for pyrite and 0.5-0.9 mm
3
 for pyrrhotite. In the LIBS spectra, emission lines were found for Fe (origin: pyrite 
and pyrrhotite), Ti (pyrite), Cu and Ni (pyrrhotite) and K and H (pyrite and pyrrhotite, traces). The typical plasma temperature of about 
10380 K (±3500 K) has been estimated on the base of the Boltzmann distribution for iron emission lines. In the Raman data, all craters 
showed a zone of ø1.5-5 mm with spectral changes; although the typical Raman spectra of pyrite and pyrrhotite were still visible, addi-
tional peaks were found. This was mainly seen in the outer parts of the zone, where a thin film has been deposited. In vacuum and martian 
atmospheric conditions at 7 mbar, this film consists of polysulfides, whereas it consists of magnetite after performing LIBS in martian 
atmosphere at 1 bar. Elemental sulfur is found on the pyrite sample measured in all atmospheres; most dominant for martian atmospheric 
conditions. 
Conclusions: The results show that LIBS causes fractionation and reaction of sulfur in both minerals. As the effect appears to be larg-
er with pyrite, heat from the LIBS plasma may be the main driver of this reaction ([6], [7]); this could cause pyrite to react to pyrrhotite 
and sulfur. Minerals containing other volatiles (i.e., water) are expected to react as well, meaning that possible effects should be taken into 
account with the interpretation of post-LIBS Raman data from the same spot. 
References:  
 [1] Clegg et al., Applied Spectroscopy 68 (2014) 925–36. [2] Wiens et al., 7
th
 International Conference on Mars. (9-13 July 2007) 
Pasedena, California, USA, Abstract #3092 [3] Sharma et al., 40
th
 LPSC (23-27 March 2009) The Woodlands, Texas, USA, Abstract 
#2548. [4] Maurice et al., LPSC (16-20 March 2015) The Woodlands, Texas, USA, Abstract #2990. [5] Weber et al., Journal of Raman 
Spectroscopy (2017) DOI: 10.1002/jrs.5083 [6] Toulmin et al., Geochimica et Cosmochimica Acta 28 (1964) 641–671. [7] Gilbert et al.. 
Journal of Analytical Atomic Spectrometry 29 (2014) 1024–1033. 
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Abstract: Nuclear forensics (NF) is the analysis of intercepted illicit nuclear and radiological materials (NRM) so to 
establish the relationship between NRM and their attribution to monitor nuclear security and proliferation. The critical 
challenge in NF currently is the lack of suitable microanalytical methodologies for direct, rapid and minimally invasive 
detection and quantification of NF signatures. Combining Laser Induced Breakdown Spectroscopy (LIBS) and Laser Raman 
Spectromicroscopy (LRS) can achieve this task particularly when the materials are of limited size.  LIBS fingerprints the 
element associated with the spectral peaks when a powerful laser is focused on a sample surface while LRS uniquely 
identifies specific chemical compounds and microstructure in a given sample based on molecular vibrations following little 
or no sample preparation. Although these techniques have potential to identify and quantify at stand-off distance the 
elemental and molecular composition of NRM, their practical utility is limited by the complexity of the spectra in air at 
atmospheric pressure and the interpretative challenges of the multivariate data. This paper reports the results we have so far 
obtained in utilizing LIBS and LRS combined with machine learning (ML) techniques in order to increase their utility 
towards direct, rapid NF analysis and attribution. We ablated pellets spiked with trace quantities of uranium in cellulose (to 
mimic uranium hidden and trafficked in an organic matrix) to investigate uranium lines that could be detected in air at 
atmospheric pressure. U II 385.464 nm, U II 385.957 nm and U II 386.592 nm were identified as the most prominent NF 
signatures of uranium for rapid  qualitative detection of trace uranium in uranium ore surrogates. Principal Component 
Analysis (PCA) on LIBS spectra successfully classified samples prepared by spiking uranium trioxide in cellulose into 
uranium and non-uranium bearing. PCA was also performed on LIBS spectra of uranium-bearing mineral ores namely high 
background radiation area (HBRA) soils (North Ruri, Magadi, Coast) and carbonatite rocks (South Ruri, Magadi, Meru, 
Coast) from Kenya. The clustering of the samples related the groups to their geographical origins based on REE (viz Dy, Ho, 
Pr, Pm, Sm and Ti). A multivariate calibration strategy for the quantification of uranium in the soils and rocks was 
developed  using artificial neural network (ANN) (feed forward back-propagation algorithm) utilizing spectral feature 
selection making use of (i) all the detected uranium lines, (ii) resonant uranium lines with interference (iii) subtle uranium 
peaks (to demonstrate the power of ANN to model noisy LIBS spectra for trace quantitative analysis). We observed that the 
calibration model utilizing subtle uranium peaks had the best prediction power of R
2
≈94%, among the three. The three 
calibration models were validated using pellets prepared from certified reference material IAEA-RGU-1 with the relative 
error prediction (REP) ranging between 6 -20 %. The developed calibration model predicted uranium concentrations in the 
uranium-bearing mineral ores to be in the range 100 ppm - 1771 ppm. In order to understand the various molecular bands 
associated with the uranium, pellets of uranium compounds (uranium trioxide, uranyl nitrate, uranyl sulphate and uranium 
chloride, bound in cellulose) were analyzed using multi-photon laser (l = 532 nm, 785 nm) LRS. NF signatures of uranium 






 and 861 cm
-1
. 
These molecular signatures were utilized to infer the presence of uranium compounds in the various HBRA soils. Raman 




. Spectral imaging was then performed on a 
pellet spiked with uranium at trace levels in cellulose (to mimic uranium trafficked in concealed condition) to identify the 
distribution of uranium in the pellet. It may be concluded that while LIBS is able to detect and quantify uranium in the 
uranium-bearing mineral ores besides attributing the mineral ores to their geographical origins, LRS identifies the 
molecular bands associated with uranium occurrence in these minerals and further maps the distribution of uranium through 
the different surface layers. LIBS and LRS coupled with ML techniques have therefore utility  in the detection of uranium in 
NRM rapidly under concealed condition without destroying sample integrity. 
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ABSTRACT: A typical detection limit of LIBS for heavy metallic elements is in the low-PPM range. LIBS is applicable to a 
wide range of sample matrices that include metals, semiconductors, glasses, biological tissues, insulators, plastics, soils, 
plants, soils, thin-paint coating, and electronic materials. 
Several customers have integrated Avantes spectrometers in different  analysers for industrial and laboratory applications. 
In this presentation we will tell you more about the applications and possibilities. 
Avantes has some great advantages in LIBS applications: 
• Multirack in combination with resolution 
• Timing and triggering 
• Fast measurements 
• Purged optical benches 
• Plaform for Hand-held protable  
• Extensive knowledge on LIBS 
Raman spectroscopy is especially useful for product identification, reaction monitoring, remote sensing and any other appli-
cable measurement. It provides an invaluable analytical tool for molecular finger printing as well as monitoring changes in 
molecular bond structure (e.g. state changes and stresses & strains). 
Avantes uses the high-sensitivity AvaSpec spectrometers in combination with a wide variety of lasers (including 532, 633 and 
785 nm) to give you the best result for your Raman measurements. The spectrometers are appropriately configured accord-
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ABSTRACT: A new approach combining Raman spectrometry and laser induced breakdown spectrometry (LIBS) within a 
single laser event was suggested. A pulsed solid state Nd:YAG laser running in double pulse mode (two sequential nanosec-
ond laser pulses with dozens microseconds delay) was used to combine two spectrometry methods within a single instrument 
(Raman/LIBS spectrometer). First low-energy laser pulse (power density far below ablation threshold) was used for Raman 
measurements while second powerful laser pulse creates the plasma suitable for LIBS analysis. The short time delay between 
two successive pulses allows measuring LIBS and Raman spectra at different moments but within a single laser flash-lamp 
pumping. The feasibility of combined Raman and LIBS spectrometry measurements was demonstrated for quantitative analy-
sis of solid samples. A tablets of gypsum (CaSO4*2H2O), anhydrite (CaSO4) and acetylsalicylic acid powders with two ele-
mental additives (nickel and copper sulfates) were prepared as a reference samples for calibration curve construction for 
combined Raman and LIBS measurements. Combination of reversed order of laser pulses (first pulse for LIBS and second 
pulse for Raman measurements) within a single instrument was suggested for remote depth profiling analysis or identifica-
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A comparative study of LIBS Quantitative analysis of Al alloy using 
artificial neural networks and calibration methods 
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ABSTRACT: A comparative study of LIBS quantitative analysis of Al alloy using traditional calibration curves method and 
chemometric technique, artificial neural networks (ANN), prediction method of different Al alloy samples was achieved.  The 
calibration curve method is used to quantitatively analyze the laser induced breakdown spectroscopy data that is obtained 
from the Al alloy samples for the investigated elements Ag, Cu and Al.  The intensity of the analyte lines obtained from dif-
ferent samples are plotted against their concentration to form calibration curves. The artificial neural network is trained 
with a set of input data of known composition Al-alloy samples. The calibration curves method was applied on two different 
unknown samples to determine the unknown concentration of these elements while the trained neural network is used to pre-
dict the elemental concentration from the test spectra for the same unknown samples. By comparing the two results of the 
different analytical methods, ANN method was better than the calibration curves method in the quantitative analysis of Al 
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ABSTRACT: Laser-induced breakdown spectroscopy (LIBS) is a promising analytical technique for the on-line analysis of 
pyrometallurgical process streams, such as metals and slag. Conventionally, the composition of the process streams is meas-
ured off-site using XRF or spark-discharge optical emission spectroscopy (OES). However, these procedures are time-
consuming. The process control can be improved when real-time information is available. LIBS is therefore an appealing 
technique due to its fast and remote analysis ability.  
In the present study, the LIBS technique is employed for the analysis of synthetic non-ferrous slags, mimicking Cu-slags. The 
samples will be used for calibration and the analysis of the chemical matrix effect typically occurring in slag samples. Slag 
samples with different compositions were synthesized using chemical powders. Major elements are Fe, Si, Al and Zn, where-
as Cu, Sn and Pb are present in lower concentrations. The powders were homogenized with ethanol using a Turbula mixer 
and dried in a rotary evaporator. In a first step, the powder mixes were pressed to pellets and analyzed using LIBS. Subse-
quently, they were melted in an induction furnace at a temperature of 1250 °C using an alumina crucible. While the samples 
were in molten state, the surface was analyzed using LIBS. A Q-switched Nd:YAG (λ = 1064 nm, repetition rate = 10 Hz, 
max. energy = 450 mJ, pulse width = 5 ns) was used to induce the plasma on both the solid as well as molten samples. The 
plasma emission was collected by means of  a collection optical system and a fiber optic cable and was introduced to a spec-
trograph equipped with an ICCD detector. The optimal delay time, gate width and suitable emission lines were determined 
from the analysis of both the solid and molten slag LIBS spectra. A comparison is made between the analysis of the powders 
and the molten samples. As a first calibration method, the variation of the intensities of the emission lines were plotted as a 
function of  the known concentration. However, since the composition of slag varies considerably, the chemical matrix effect 
has to be taken into account. Therefore, multivariate statistics were used as a second calibration method, i.e. partial least 




FTIR PM-IRRAS Spectroscopy and AFM Investigations of Polymer 
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ABSTRACT: The presented works will focus on the understanding on how crystallinity of thin polymer films (either homo-
polymers or copolymers) is modified in thin films and how this organization can be directed by the surface chemistry of the 
metal substrate. Various polymers and copolymers were adsorbed by spin-coating on metal substrates. The surface chemis-
try of the substrates was controlled by chemical grafting using thiols. The influence of the hydrophilic or hydrophobic nature 
of the substrate on the organization and structuration of polymers and copolymers of different compositions was then stud-
ied. Characterization of thin films of polymers and copolymers requires the use of specific characterization techniques. Po-
larization-Modulation Infrared Reflection Absorption Spectroscopy (PM-IRRAS) spectroscopy is and innovative and original 
vibrational spectroscopy that was used for "in situ" reflectivity experiments to characterize thin films of polymers and copol-
ymers deposited on reflective substrates. Due to the polarization modulation of the incident IR wave, its reflection at the in-
terface according to surface selection rules increases the sensitivity of the spectral response, allowing determination of mo-
lecular orientation and structuring effects. Atomic Force Microscopy (AFM) analyses were also performed on the same thin 
films, in order to access the surface morphology and to distinguish the amorphous and crystalline phases. Chains orienta-
tions and conformations as well as surface morphologies were thus characterized in order to understand the competition 
between polymer/polymer and polymer/substrate interactions, which will have a direct effect on the crystallization. This was 
explained by changes in the balance of polymer/polymer vs polymer/substrate interactions. Substrate surface chemistry al-
ters the balance between these interactions significantly. As an example, in the case of amphiphilic diblock copolymers, an 
hydrophilic substrate favors the crystallization of the polar block whereas an hydrophobic substrate will favor the non-polar 
block crystallization. The modification of the crystalline phase content, morphology and molecular orientation of the crystal-




Automated LIBS sorting system for spent refractories from the steel 
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Refractory products are solid ceramic products which are suitable for an application temperature above 1500 °C. Refractory 
materials are used in a variety of industrial high-temperature processes. The largest consumer of refractory materials is the 
steel industry, followed by the cement and glass industries. The re-use of refractory material has a high potential to reduce 
waste production and primary raw material consumption. To allow high-grade recycling and re-use of refractories, efficient 
separation of the different types of refractory materials based on their chemical composition, combined with an efficient re-
moval of impurities, is essential. The different types are mainly composed of the elements magnesium, aluminium, silicon, 
calcium and carbon, as well as other materials to improve the properties such as chromium. A fully automated sorting sys-
tem for whole spent refractory bricks (up to 20 kg) was developed basing on direct chemical analysis of the material using 
laser-induced breakdown spectroscopy (LIBS). In a joint project of R&D and industrial partners a field scanning LIBS sys-
tem was used for inline analysis of moving samples in a sorting system which also comprises a feeding unit, a piece singula-
tion unit, a slat conveyor, and a mechanical extraction unit. In order to determine the elemental composition of the different 
refractory bricks a combination of different LIBS approaches was used. For each measurement a tailored laser pulse train 
was irradiated on the sample for surface preparation, enabling the penetration of not representative layers. Investigations of 
the effect of the tailored pulse train on sample surfaces with respect to ablation and laser-material-interaction processes will 
be presented. As the composition of used bricks can deviate locally, several selected surface locations were evaluated within 
less than a second to obtain a high representativeness of the classification. Using a multi-CCD spectrometer several spectral 
lines of each element, which is required for the distinction of the different types of refractories, were recorded simultaneous-
ly and evaluated. It has been demonstrated in experiments on an industrial scale that the three main classes of refractory 
material can be distinguished efficiently.  
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Rapid measurement system for concrete sample by using laser-
induced breakdown spectroscopy 
S. Eto*, T. Fujii 
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*eto@criepi.denken.or.jp
ABSTRACT:  A rapid and quasi non-destructive system for the measurement of a cylindrical concrete sample, called as a 
concrete core and picked out from the reinforced concrete structure, by laser-induced breakdown spectroscopy (LIBS) was 
developed. The system was composed of a mechanical device to rotate a concrete core and a co-axial LIBS configuration to 
measure the surface of a concrete core with curvature. Chloride ion concentration is one of the most important factor for the 
chloride damage of a reinforced concrete. In general, the chemical analysis (potentiometric titration) is used for quantifica-
tion of chloride ion concentration. However, the potentiometric titration requires a preprocessing of the concrete core and 
needs a long time to quantify the chloride ion concentration. On the other hand, laser-induced breakdown spectroscopy 
(LIBS) enables the rapid evaluation of chloride ion concentration because it can measure the chemical composition in con-
crete without sample preprocessing. Recently, a portable device to survey the surface of the concrete structure have been 
developed by other groups. The rapid measurement and the quantitative accuracy are important for the application of LIBS 
to the deterioration diagnostics of the concrete structure. The inhomogeneity of the chemical composition in concrete should 
be considered carefully for the quantitative accuracy of the chloride ion concentration because the variabilities of emission 
intensity at each measurement position affect the measurement accuracy of harmful elements such as chlorine and sulfur. We 
evaluated the chloride ion penetration, by using the diffusion model of chloride ion in concrete, and the carbonation of mor-
tar, by using the linear regression of the relationship between the carbon and the calcium emission intensities obtained by 
the two-dimensional composition mapping. We developed a rapid measurement system specialized for a cylindrical sample, 
called as concrete core, which is usually picked out from the reinforced concrete structure. The system enables the quasi 
non-destructive measurement of the concrete core because the laser pulses is irradiated at the circumference of the sample 
and the cutting or grinding of the sample is not required at all. The chloride ion concentration was quantified by using the 
calibration curve obtained using concrete powder samples containing sodium chloride. The results show that the evaluated 
values of the chloride ion concentration by LIBS were consistent with that by the potentiometric titration. The depth profile 
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ABSTRACT: First results of double pulse LIBS experiments were published 30 year ago (S.Pershin et al., Techn. Laser Phys. 
Lett., 13(14), 870, 1987). A 14x –fold increasing of the LIBS spectra intensity of Al alloy target was achieved by using 
Nd:YAG laser (20 ns) double pulse with 24 us interval between its. Then the mechanism of double pulse interaction with spe-
cifically details in LIBS modifications such as increasing of spectral lines contrast and ablated mass was proposed and 
proved [1].  Later [2] the original idea of LIBS line correction was formulated and tested on four components bronze sam-
ples for using its in standardless technique. Analytical capabilities of LIBS technique were compared for double pulse plas-
ma induced by Gaussian and multimode beam in terms of precision and sensitivity. It was observed that Gaussian beam 
sampling leads to improvement of analysis precision while sensitivity was element dependent. The higher intensity for atom-
ic/ionic lines in the plasma spectra was observed for multimode beam sampling due to greater laser pulse energy and larger 
ablated mass.  Finally it was found that the crater depth increases nonmonotonically with each successive pulse of the train. 
A nonlinear, more than by a factor of six, increase in the depth was detected upon interaction of the second pulse with the 
target.  
1. S.M. Pershin, Quantum Electronics, 16, 2518, (1989) 





Performance Comparison of Handheld LIBS Analyzer with that of 
Handheld XRF Analyzer in Composition Analysis and Grade 
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ABSTRACT: Technological advancements of recent decade have made possible the design of handheld LIBS analyzers. This 
development rapidly expanded the use of LIBS especially into field operations such as alloy sorting and analysis, the area 
traditionally dominated by mature, well established technique of X-ray Fluorescence (XRF). Handheld LIBS analyzer has 
clear advantage over its rival, Handheld XRF Analyzer, because it can analyze light elements such as lithium (Li), beryllium 
(Be), boron (B), and can outperform XRF when analyzing aluminum (Al), magnesium (Mg), and silicon (Si).  Therefore, the 
first Handheld LIBS Analyzers were primarily used for analysis and sorting of aluminum alloys in which the light elements 
are important components. However, continuous improvements in Handheld LIBS indicate that this relatively young 
technique can also be useful in analysis of other important alloy families such as steels, nickel and cobalt based alloys, 
brasses and bronzes and titanium based alloys. In this paper we will compare analytical performance of a commercially 
available Handheld LIBS Analyzer with that of one of the best handheld XRF analyzers by presenting the results obtained 
with both instruments when used for composition analysis and grade identification of alloys representing different alloy 
families (Fig. 1). Additionally we will attempt to answer the question whether the two techniques are competing or 
complementing each other. In our analysis we will also account for such factors as ruggedness, ease of use, speed of 
analysis, sample condition, as well as the most recent improvements aimed at expanding elemental capabilities of handheld 
LIBS. 
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                                  Figure 1.  Example of analytical performance for nickel in alloys:  HHXRF and HHuLIBS. 
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Abstract Automated contaminant analysis by FTIR microscope 
Jan Knoop*  
A
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ABSTRACT: With the AIM-9000, Shimadzu provides an analysis systems for all users for quick and easy micro analysis. It 
targets various industries like electricals and electronics, machinery and transportation, pharmaceuticals and life sciences, 
petroleum and chemicals and certainly also the food market. Enhanced sensitivity and increased ease enable a complete new 
user experience. 
The AIM-9000 offers automation of all necessary steps involved in failure analysis and micro sample evaluation; observa-
tion, definition of measurement spots, measurement and identification. 





Quantitative analysis of Al-Si alloy using calibration free laser in-
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ABSTRACT: The quantitative analysis of standard aluminum-silicon alloy has been performed using calibration free laser 
induced breakdown spectroscopy (CF-LIBS). The plasma was produced using the fundamental harmonic (1064 nm) of Nd: 
YAG laser and the emission spectra were recorded at 3.5µsec detector gate delay. The qualitative analysis of the emission 
spectra confirms the presence of Mg, Al, Si, Ti, Mn, Fe, Ni, Cu, Zn, Sn, and Pb in alloy. The background subtracted and self-
absorption corrected emission spectra were used for the estimation of plasma temperature as 10,100 ± 300 K. The plasma 
temperature and self-absorption corrected emission lines of each element have been used for the determination of concentra-
tion of each specie present in alloy. The use of corrected emission intensities and accurate evaluation of plasma temperature 
yield reliable quantitative analysis with 0.3-2.2% deviation from reference sample concentration 
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ABSTRACT: Laser Induced Breakdown Spectroscopy (LIBS) is an analytical technique used to classify and potentially quan-
tify elements in complex hosts (or matrices). Vacuum Ultraviolet Laser Induced Breakdown Spectroscopy (VUV LIBS) can 
offer potential improvements over traditional LIBS
 
in the visible region, due to the abundance of resonance transitions at 
these shorter wavelengths. This extends the ability to discriminate between the emissions from different elements, particular-
ly light elements such as carbon, sulfur, lithium, and beryllium etc. In addition, as with visible LIBS, the precision obtainable 
can be limited by the continuum emission at the early stage of the plasma lifetime and greater performance can be achieved 
by moving to a time resolved detection system, reducing the contribution from the continuum. In this study thin films are be-
ing developed to determine the elemental distribution using VUV LIBS for depth profiling, and will be compared to studies 
previously performed using visible LIBS. Time Resolved VUV LIBS is used for the depth profiling of the thin films and also 









Evaluation of deterioration processes on bricks exposed to industrial-
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ABSTRACT: Thanks to the industrialization in the 19
th
 century, the use of brick as building material increased and acquired 
huge importance, being one of the most used construction materials. Usually, the construction bricks are made from clay, 
which is kneaded with 20-25% water and the resulting paste is moulded and dried at air. Finally the dried paste is fired at 
about 900–1025°C. Before the firing process, the main components of the raw clay are silicates (e.g. illite-chlorite, quartz, 
sodium and potassium feldspars, etc.), calcium carbonate (calcite and/or dolomite polymorphs) and iron oxides/hydroxides. 
During firing, a series of mineralogical transformations are produced, depending on the initial composition of the clay, kiln 
temperature, heating grade, firing time and prevalence of oxidizing or reducing conditions that affect to the mineralogical 
composition and microstructure of the final brick. For example, at 900-1025 °C, kaolin is dissociated into silica and alumina 
and also into calcium silicate and alumina silicate while calcite transforms to CaO. Regarding the physical characteristics of 
the bricks, the presence of high CaO content in the bricks can cause fissures and cracks when the brick looses the impermea-
bility properties and water goes to the inner part of the brick, reacting with the oxide to form firstly the hydroxide Ca(OH)2 
and subsequently carbonates to form amorphous CaCO3. Moreover, this CaCO3 can react with atmospheric acid gases to 
form new mineralogical phases (sulphates and nitrates mainly), more soluble than the original CaCO3. Bricks included in 
constructions exposed to marine environments with important anthropic impacts can suffer other more complex chemical pro-
cesses that conclude in the final destruction of the bricks. In most of the works dealing with the characterization of bricks, the 
analytical instruments used are benchtop devices. Indeed, there is a lack of works that use hand-held devices to study the con-
servation state of bricks. In this work, a simple, fast and non-destructive methodology based on the use of hand-held X-ray 
fluorescence spectrometry was used to perform an in-situ analysis of bricks from Punta Begoña Galleries, a building located 
in front of the sea (Getxo, north of Spain), with an important atmospheric impact of industrial port, power generation plants 
and a fuel refinery. The pathologies visually observable in these bricks are disintegration, breakup and detachment. These 
pathologies are more evident in specific locations and orientations of the construction. In order to extract additional conclu-
sions regarding the orientation of the bricks in the construction, the obtained elemental data matrix was subjected to Princi-
pal Component Analysis. In order to confirm and complement these in-situ results, additional analyses were conducted in the 
laboratory using X-Ray Diffraction and micro-Raman techniques, concluding in the absence of calcium silicate in the most 
decayed bricks. One of the critical factors in the conservation state of bricks is the content of calcium silicate that provides 
stability to the structure and resistance to temperature changes, thus the loss of these kinds of silicates (e.g. gehlenite, diop-
side, etc.) make the analyzed bricks structurally unstable. Moreover, gypsum, a deterioration compound in the bricks, and 
halite coming from marine aerosol were also identified. Therefore, the molecular and elemental results agree, pointing out to 





Surface vs. Core analysis of synthetic rubber samples and the          
influence on the ablation efficiency using LIBS 
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The preparation of rubber compounds in the rubber industry is usually carried out in the discontinuous mixing process of the 
rubber internal mixer. Qualitative differences with regard to the mixing quality achieved, can occur due to batch-induced 
fluctuations in the raw material, deviations in the mixing process or changes in the ambient conditions from batch to batch. 
Currently, an evaluation of the mixing quality takes place only after completion of the actual elastomer article or on the 
vulcanized test piece. Both, a high distributive mixing quality of the mixing components as well as the reduction of the particle 
sizes of the admixed components (primarily active fillers such as carbon black or silica) are decisive for a good homogeneity 
of the rubber mixture. The homogeneity of a rubber compound is decisive for the function of a rubber article, since 
inhomogeneous phases can lead to nonuniform property profiles. The uneven stress of the elastomer article caused thereby 
can be responsible for a shortened service life and premature component failure. With a practical method for the evaluation of 
the distributive mixing quality of mixing components, an evaluation of the homogeneity with respect to the material 
concentrations can be carried out promptly and early component failure can be prevented. Through the introduction of the 
LIBS method for the analysis of rubber compounds, it is possible to measure the qualitative fluctuations with regard to mixing 
homogeneity. The flexible design is suitable for both laboratory and continuous production applications. In an online 
measurement, e.g. directly after mixing, the individual batches can be analyzed and evaluated to determine a possible 
inhomogeneity of the rubber mixtures. At the German Institute for Rubber Technology (DIK) a LIBS system is installed, which 
has been specifically adapted to the requirements for the analysis of rubber mixtures with regard to the measurement setup. 
The results presented in this study deal with the distributive mixing quality of the crosslinking activator zinc (from ZnO) in 
carbon black filled rubber mixtures. The influence of the particle morphology of the analyte and the filler on the ablation 
process is investigated with LIBS. To evaluate the distributive mixing quality of the analyte Zn and the signal intensity 
detected with LIBS, the spectral line at 481.1 nm is used. On the basis of the results, it is clear that the calculated signal-to-
noise ratio (SNRi) is strongly influenced by the particle morphology of the mixing components. Furthermore, it can be shown 
that the chemical condition of the sample (analysis of vulcanized vs. unvulcanized rubber samples) as well as the difference 
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ABSTRACT: Waste electrical and electronic equipment (WEEE) is known to contain significant amounts of valuable materi-
als. The current recycling technology focusses on the most valuable compounds on an average basis with the consequence 
that several other compounds are not recovered as it is desirable in a sustainable economic development. Some of the ele-
ments currently lost in the industrial processing are considered as strategically important or critical for the European econ-
omy. The key for an improvement of the range of recoverable materials is a pre-selection of the components in which they 
are used which creates a WEEE fraction being enriched in certain compounds. If such a fraction is gained it becomes eco-
nomically feasible to process it for raw material recovery. To carry out the pre-selection of electronic components on print-
ed-circuit boards (PCB), it is required to first identify the composition the components. LIBS is employed in this work to 
identify the elemental composition of components on a PCB by a mapping process of the board. Using a 3D galvo scanner, 
the LIBS measurements can be carried out selectively at all relevant positions with mechanical movement of the samples 
under investigation. Since the compounds of interest are usually enclosed in a housing, the laser is used for both an ablation 
process to penetrate the outer shell and for plasma excitation to analyze the interior material. The various elements at each 
position are revealed and are used to classify the type of electronic component, from which the further processing steps are 
determined. In this way, for example, tantalum capacitors are identified among a wide range of other SMD components on 
PCBs from used mobile phones. This provides the basis for automated selective disassembling also using laser technology 
and metallurgical recovery of valuable raw materials. 
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 Recent improvements of Echelle spectrographs                         









- Recent results of a thermally stabilized spectrometer. 
- New detectors are increasing spectral measurement rates; Echelle spectrometers are getting faster. 
- Optimization of the optical path - aperture adaptation improves the sensitivity and enables single pulse applications. 










Laser Induced Breakdown Spectroscopy for monitoring laser scrib-
ing on organic photovoltaic devices 
S. P. Banerjee, Marc Sentis  
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ABSTRACT: The lifetime of an organic photovoltaic (OPV) module can be prolonged if an integrated barrier foil is adapted 
to the OPV stack. The barrier protects the photosensitive material from the unwanted atmospheric elements such as water 
vapor transmission. Flexible substrates and much thinner stack construction in OPV's make them more attractive over the 
conventional inorganic semiconductor solar cells. Laser scribing is needed on the transparent conductive layer, photosensi-
tive organic layer and back electrode layer in order to establish the electrical connections. The protector barrier layer has to 
be protected from the selective ablation during scribing and a process control needs to set in for monitoring the damage on 
the barrier layer. Laser Induced Breakdown Spectroscopy (LIBS) retrieves information of the material constituents during 
ablation and this technique has been applied for this project to develop and monitor the laser scribing process on a multi-
layer OPV stack. Two bottom conductive layers (dielectric-metal-dielectric (DMD) with  thickness ~60nm and indium-tin-
oxide (ITO) with  thickness ~125 nm ) on the barrier were used.  DMD layer is composed of a silver layer sandwiched be-
tween two aluminum-zinc-oxide (AZO) layers. The organic layer thickness is 225-265nm and the top aluminum electrode 
layer thickness is 115 nm. The present work describes mainly the scribing on the organic layer and the possibility of simulta-
neous LIBS detection. Various laser systems with different temporal widths (nanosecond, femtosecond and picosecond) and 
different wavelengths (UV, Green and IR) have been applied to check the emission spectra using LIBS. The organic layer is 
a strong light absorber and the ablation threshold falls in the range of few 10's of mJ/cm
2
 depending on the laser parame-
ters. UV- nanosecond laser pulses were used to identify the possible spectra such as atomic carbon lines and swan bands 
from the organic layer although selective ablation was not targeted. IR-femtosecond   laser pulses were used and LIBS spec-
tra were recorded at different spectral windows to check the spectra from the organic layer. A weak CN band emission was 
visible. Next, picosecond laser pulses with IR (1030 nm) and Green (515 nm) were used to scribe lines on the organic layer 
with simultaneous LIBS identification. Different overlapping factors coupled with various energy fluences were applied. The 
spectra from the bottom DMD layer specifically from the silver was observed at a energy fluence of 150 mJ/cm
2
. The thick-
ness of the scribed lines were measured using confocal microscopy and it has been demonstrated that the barrier layer was 
protected during selective ablation. Therefore, LIBS can be accommodated as an analytic tool in an OPV manufacturing unit 
for process monitoring. Detailed results and discussion will be presented. This project has received funding from the 
European Commission, Horizon 2020 Research and Innovation Action, in the framework of the ALABO project, Grant 
agreement No 644026.   
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Laser-induced breakdown spectroscopy for the  
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ABSTRACT: The majority of the built infrastructure is made of concrete, which is a multiphase system made of cement, ag-
gregates, water and pores (every year nearly 4 billion tons of cement are produced which is largest mass flow generated by 
mankind). Concrete is often used in combination with steel as reinforced concrete. Environmental influences, especially the 
ingress of harmful ions in combination with the ingress of water, trigger different damage processes which reduce the desig-
ned lifetime of a structure. The ingress of chlorides from de-icing salt or sea water leads to corrosion of the reinforcement. 
Also the carbonation of the concrete may trigger the corrosion of the reinforcement. The ingress of alkalis from de-icing 
salts may cause the expansion of the amorphous silica aggregates (alkali-silica reaction) through formation of a swelling gel 
of calcium silicate hydrate if water is present. The ingress of sulfates may cause spalling of the concrete surface due to ett-
ringite formation. For the standard procedure in civil engineering cores are taken, cut in slices, grinded and the obtained 
homogenized powder is solved in acid and investigated by standard procedures. BAM has developed the LIBS technique for 
the 2D evaluation of the chemical composition of concrete [1-5]. The technique is established for automated laboratory use 
with high numbers of samples to investigate transport processes of harmful species (Cl-, CO2, SO42- and alkalis) in concre-
te. Information about ingress depth and the quantitative 
values are important to estimate the remaining lifetime 
of the infrastructure. LIBS is a surface technique. To get 
information about the ingress depth, a core has to be 
taken and cut in the middle. The measurements are car-
ried out at the cross section. The main advantages of 
LIBS are the direct measurement on the surface of the 
concrete, fast analysis (sample rate 100 Hz) with a spa-
tial resolution of up to 100 µm, the consideration of the 
heterogeneity of the concrete and the possibility of au-
tomated measurements which save a lot of manpower 
and time. As an example the investigation of ingress 
profiles for standard diffusion and migration tests in 
civil engineering takes hours in comparison to just a 
few minutes using LIBS. At the same time a 2D-
evaluation provides information about hot spots of elemental concentration which may not be found by standard methods. 
 The state of the art of LIBS technique for applications in civil engineering will be presented, including typical results of 2D 
investigation of concrete in laboratory. The performance is also demonstrated by examples for on-site applications using a 
mobile LIBS system. The road map to standardization is presented as well.  
References: 
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Figure 1: Ingress of chlorides due to a crack in a repair mortar. 
Left: Photo of the cross section of a concrete core and the surface 
investigated by LIBS. Right: Color coded chlorine intensity on the cross 
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ABSTRACT: State-of-the-art sensing platforms ideally benefit from miniaturized and integrated optical technologies provid-
ing direct access to molecule-specific information. With in-situ sensing strategies e.g., in harsh environments or point-of-
care diagnostics in medicine becoming more prevalent, detection schemes that do not require reagents or labeled constitu-
ents facilitate localized on-site analysis close to real-time. 
However, decreasing the analytically probed volume may adversely affect the associated analytical figures of merit such as 
the signal-to-noise-ratio, the representativeness of the sample, or the fidelity of the obtained analytical signal. Consequently, 
the guiding paradigm for the miniaturization of optical diagnostic devices should be creating chem/bio sensing platforms 
that are as small as still useful, rather than as small as possible, and that smartly capitalize on advantageous features of in-
tegrated photonics. 
Mid-infrared (MIR; 3-20 µm) sensor technology is increasingly adopted in environmental analysis, process monitoring and 
biodiagnostics due to the inherent molecular specificity enabling the discrimination of molecular constituents at ppm-ppb 
concentration levels in condensed and vapor phase media. Recently emerging strategies taking advantage of innovative 
waveguide technologies such as substrate-integrated hollow waveguides, and planar semiconductor waveguides shaped into 
sophisticated optical structures (e.g., MIR Mach-Zehnder interferometers) in combination with highly efficient light sources 
such as tunable quantum cascade and interband cascade lasers (QCLs, ICLs) facilitate compact yet robust MIR diagnostic 
platforms for label-free chem/bio sensing and diagnostics. Highlighted applications will include advanced breath diagnos-
tics, mid-infrared assay technology, and IR lab-on-chip systems.  
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ABSTRACT: As Laser Induced Breakdown Spectroscopy (LIBS) matures as an analytical technique, particularly with the 
expansion beyond elemental characterization provided by advanced chemometric techniques, the range of potential 
applications has grown steadily. One such area where the ease of measurement, robustness and accuracy of LIBS can have a 
significant impact is in the development and production of pharmaceutical and nutraceutical products. While the more usual 
form of LIBS (utilizing emission in the visible region of the spectrum) may find in-line applications as a Process Analytical 
Technology to ensure quality control during the final production stages, there are also opportunities for off-line applications 
for different forms of LIBS to address emerging issues that arise during the development and formulization stages of new 
products. One such issue at the development stage is that, due to the success of the pharmaceutical sector in expanding their 
ability to synthesize increasingly complex molecules representing the Active Pharmaceutical Ingredients (API), problems 
have arisen with traditional models and techniques used to ensure the uniformity of the final product. The API’s can tend to 
crystalize and become localized, and traditional off-line measurement techniques to study this can prove to be extremely time 
intensive. An important part in the development of new drugs is not just to make new molecules available – but to ensure the 
required bioavailability and dose is achieved. This presentation will introduce Vacuum Ultraviolet LIBS (VUV-LIBS), 
utilizing emission in the 35–120 nm range, combined with chemometric techniques, and its usefulness in meeting the off-line 
requirements at the design stage. A number of advantages, such as increased access to resonance transitions, higher ion 
stages, less complex spectra, the reduction in non-sample interference effects etc., and disadvantages, such as vacuum 
requirements, sample damage, resolution etc., will be discussed.    
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ABSTRACT: The presence/absence or dysregulation of endogenous and exogenous chemical elements or 
agents, particularly metals and minerals, has great interest in various medical specialties. In 
occupational medicine, for instance, the environmental and occupational exposures to dust or metal 
agents are responsible of several diseases. However, it is generally hard to diagnose and to correlate the 
symptomatology with the nature of the agent, the extent and the timing of exposure. This is mainly due to 
the lack of technology able to detect these agents in a routine way and in a compatible manner with 
conventional histology. The LIBS imaging performances (speed, resolution, and sensitivity) combined to 
its all-optical design, make therefore this technology very attractive for medical purposes. Our previous 
results have boosted the technology to pre-clinical stage in several medical applications, especially in 
those that the conventional pathology methods do not allow to identify the causative agent. Herein, we 
address several of these real medical cases. Biopsies from patients with cutaneous inflammatory 
granulomas are studied with the objective to determine the exogenous material responsible of the 
inflammation, either metallic allergies after vaccination (Fig. 1), release of metallic species from 
surgical implants or cutaneous complications linked to ink-tattoo reactions. Biopsies from lung tissue or 
lymph nodes were also analyzed to explore the link between life-time environmental and occupational 
exposure to metal agents, and the occurrence of respiratory diseases such as idiopathic pulmonary 
fibrosis. Finally, we present the feasibility of combining LIBS elemental imaging and histopathological 
staining procedures to analyze healthy and tumor skin tissues. These results appear promising and may 





Fig. 1: Images of a human skin granuloma with conventional H&E staining (left), and complementary Bio-LIBS 




Elemental analysis of the thyroid by laser induced                      
breakdown spectroscopy. 
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ABSTRACT: Thyroid function depends on elements and molecules such as iodine and tyrosine. Iodine and other important 
elements such as sodium, calcium, iron, are observed in situ and investigated using Laser induced breakdown spectroscopy 
(LIBS). Along with the sample preparation, LIBS is optimized in both air and argon atmospheres. 
Introduction: LIBS is an elemental analysis method that uses a high intensity laser pulse to ablate the sample [1]. This leads 
to an optical emission spectrum that is characteristic of the elements in the sample. LIBS has been applied to study soft tis-
sues [2, 3] such as the kidney, liver, and spleen. In Comparison to other methods of spectroscopy, LIBS offers improved and 
promising spatial resolution with increased sensitivity even for to lighter elements. 
Methods: Male Sprague Dawley (SD) rats (N=5, 250–300g) were employed in this study. The SD rates were sacrificed and 
their thyroids were harvested using surgical procedure. Figure 1(A) show the image of thyroid attached to trachea, while Fig. 
1(B) shows the extracted thyroid which were rinsed with saline (0.9 % NaCl) to remove the blood and were immersed in 50 
ml test tube containing liquid nitrogen for 20 seconds and then were freeze up to -80 
0
C for 24 hours before shooting with the 
laser. The LIBS system employed a 1064 nm pulsed laser (CFR200, Quantel). The pulse was 8 ns in duration. Each pulse 
focused 200 mJ to a  10 µm spot on the thyroid. The optical emission from the ablated spot was collected by a seven channel 
fiber bundle (2000 µm diameter) positioned 3.5 cm from the focus at 45⁰ from the laser beam. The fibers relayed light to 
seven spectrometers (200 – 1000 nm) with 0.1 nm resolution (MX2500+, Ocean Optics). Acquisition occurred 2 µs after la-
ser firing with 1 ms duration. 
Results and Discussion: From the LIBS spectra in Fig. 2, a number of elements crucial to thyroid function can be observed. 
These include sodium, iron, and iodine. Spectral lines belonging to carbon, nitrogen, and oxygen are also observed. When 
argon gas is flowed over the sample at 2.5 L/min (Fig. 2B), the LIBS signal increases considerably as expected and Ar lines 
can be observed. Increasing the Ar 
flow rate to 2.5 L/min gives the max-
imum intensity. The calcium lines 
appear prominent with the introduc-
tion of Ar gas (Fig. 2(C)).The Argon 
lines measured in Fig. 2(B) are used 
to calibrate the spectrometer by com-
paring with the documented wave-
lengths of the Ar lines from database 
of National Institute of Standards and 
Technology (NIST) (see Table 1). 
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ABSTRACT: In line with the fast development of biochemistry and molecular biology, in which, within the last decades, 
modern sophisticated instrumental techniques have increasingly been used, classical basic and applied microbiology also 
undergoes a revival. It has to be mentioned that microbial metabolic processes, implying compositional and/or structural 
biomolecular changes in the cell, may be relatively rapid. Therefore, “in situ” and “in vivo” methodologies allowing such 
changes to be monitored in the intact cell biomass are always preferable to classical (slow) analytical methods. Moreover, 
separation, isolation and purification of biomaterials from microbial cells can introduce changes in their native structure 
and/or other properties, not mentioning that these procedures are often laborious and time-consuming. While for biotechno-
logical purposes (e.g. large-scale production of biomaterials of microbial origin) this is inevitable, basic research in micro-
biology, aimed at understanding the cellular behaviour under certain conditions and responses to external factors, requires 
information about metabolic processes that take place inside cells within a particular culture. Vibrational spectroscopy 
techniques (FTIR spectroscopy in various modes; Raman spectroscopy), when skillfully applied, can provide molecular-level 
information, both structural and quantitative (complementary for FTIR and Raman), on virtually all macrocomponents of the 
biosystem under study (including intermolecular interactions, which are of paramount importance for most cellular compo-
nents and their functioning) via analysing experimentally observed vibrational transitions of biomolecular functional groups. 
In this keynote talk, representative examples will be considered of using FTIR and Raman spectroscopic techniques in mi-
crobiological investigations based mainly on our research results on bacteria (see, e.g. [1–5] and references therein), also 
in addition to other instrumental techniques [2,3,5–7]. The most important issues under study include intracellular accumu-
lation of reserve biopolyesters under unfavourable conditions and their properties in vivo [1,2,4,5]; changes in the second-
ary structure components of cellular proteins as a response to external factors [4,5]; analysis of bacterial metabolic trans-
formations in the course of selenite reduction to selenium nanoparticles (and their biomacromolecular capping layers) [2]; 
the formation of bacterial biofilms and their properties as compared to planktonic (freely floating) cultures [1], etc. 
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Vacuum Ultraviolet Laser Induced Breakdown Spectroscopy   
(VUV-LIBS) For Pharmaceutical Analysis 
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As an analytical technique, Laser Induced Breakdown Spectroscopy (LIBS) allows quick analysis to determine the 
composition of the target. Samples need little\no preparation, removing the risk of contamination or loss of analyte [1]. It is 
minimally ablative so negligible amounts of sample is destroyed, while allowing quantitative and qualitative results [1]. 
VUV-LIBS [2, 3], due to the abundance of transitions at shorter wavelengths [4], offers improvements over LIBS in the 
visible region, such as achieving lower limits of detection for trace elements and extends LIBS to elements\samples not 
suitable to visible LIBS. 
These qualities also make VUV-LIBS attractive for pharmaceutical analysis.  Due to success in the pharmaceutical sector 
molecules representing the Active Pharmaceutical Ingredients (API) have become increasingly complex.  
These organic compounds reveal spectra densely populated with carbon and oxygen lines in the visible and infrared regions, 
making it increasingly difficult to identify an inorganic analyte. 
The vacuum ultraviolet region poses a solution as there is much better spacing between spectral lines.  
VUV-LIBS experiments were carried out on Pharmaceutical Samples and Chemometric techniques were applied to analyse 
the samples [5-7]. The motivation for the application of these Chemometric techniques is the classification of analytes, al-
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The Photoacoustic effect in the field of biomedicine: Imaging, multi-
spectral analysis in  biomedical applications. 
P. Armanetti*, C. Avigo, A.Flori, L.Menichetti  
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ABSTRACT: The laser-induced photoacoustic effect has been recently implemented in biomedical imaging. This effect occurs 
when a nanosecond laser pulse irradiation is delivered to a tissue which, stimulated by light absorption, produces acoustic 
waves due to thermoelastic processes. The acoustic waves generated in the tissue could provide molecular information, giv-
en by the optical absorption, that can be coregistered with standard ecographic images. The photoacoustic imaging (PA) 
merges the high contrast, derived from light scattering, with high spatial resolution by ultrasound penetration; this technique 
works in near infrared region (NIR) and may yields information of endogenous absorbing molecules, like oxy and deoxy 
form of hemoglobin. The PA can image living organs, giving functional information, such as the blood oxygen saturation, 
oxy-deoxy haemoglobin ratio, thus giving new insight for angiogenesis and hypermetabolism studies[1],[2]. These charac-
teristics make PA imaging particularly suitable for different kind of studies like the tumor vascularisation microenvironment 
or the spectral analysis of biological tissue. Currently, PA imaging systems are commercially available; however, there is a 
lack of reference protocols and test-object specially designed for semi-quantitative evaluation of the performance of a PA 
system and for the assessment of the contrast enhancement provided by novel materials, under different conditions of excita-
tion wavelength, duration of irradiation, surrounding medium, dilution, and spatial distribution[3],[4]. Although promising 
biomedical applications are growing for laser-induced photoacoustic imaging, in particular in small animals, the perfor-
mances of this technique could be better amplified by using proper contrast agents, such as NIR dyes and/or nano-sized con-
structs: plasmonic metallic nanoparticles are an ideal contrast agent, thanks to their surface plasmon resonance, leading to 
extinction coefficients that are several orders of magnitude greater than dye chromophores. Indeed, the laser-induced photo-
acoustic effect stimulates their resonance bands, which can amplify the imaging resolution quality, or convert the contrast 
agent in a therapeutic – hyperthermic agent[5]. In this field, future work will be devoted to combine laser-induced PA imag-
ing with targeted therapeutic constructs,triggered by near-infrared light or radio-frequency–wavein different model of dis-
eases.you need to replace the text with your abstract.  
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Recent achievements in Life Sciences of the TwinMic soft 
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ABSTRACT: The analysis of biological matrices at subcellular level necessitates the use of multidisciplinary techniques and 
expertise. Soft X-ray Microscopy coupled with spectroscopy can provide insightful simultaneous morphological and chemi-
cal information that help in the understanding of biochemical processes taking place at sub-micron scales. In the last few 
years the TwinMic soft X-ray microscopy station [1] (400-2200 eV) installed at the Elettra synchrotron has been attracting 
the interests of the Life Science community thanks to its complementary imaging capabilities (brightfield and phase contrast) 
combined with low energy X-ray Fluorescence and X-ray absorption spectroscopy. Indeed, the developed low energy XRF 
system [2] enables to correlate the specimen morphology with the elemental distribution of light elements (from B till P) and 
of transition metals for which the characteristic emission lines fall in the 180-2100 eV energy range. The most recent out-
comes in research fields such as neuroscience [3], nanotoxicology [4,5,6], clinical medicine [7,8] and food science [9] will 
be shown through selected results. The implementation of novel TwinMic imaging modes is in progress and has been recent-
ly demonstrated by ptychography with randomly phased illumination acquiring scans across the L absorption edge of iron 
on fibroblast cells exposed to cobalt ferrite nanoparticles [10] and with phase-diverse Fresnel coherent diffractive imaging 
of malaria parasite-infected red blood cells [11]. Finally, the current status of ongoing beamline upgrades will be presented 
including the participation in the development of an advanced X-ray Fluorescence detection system [12]. 
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ABSTRACT: Kidney stone is the symptom of crystallogenic pathology and metabolic disorders in human body. The determi-
nation of stone composition and structure gives specific information about lithogenic conditions involved in its formation 
and that knowledge is fundamental for establishing the clinical treatment. In this study a set of thirty Kidney stones from the 
East Algerian region were analyzed from the morphological and composition point of view. Binocular lens (Olympus SZ) for 
microscopic examination has been used to identify the morphology of stones. The composition of urinary calculi is determi-
nate by laser induced breakdown spectroscopy (LIBS) using a Nd-YAG laser at its fundamental wavelength; 1064 nm for the 
plasma creation. Plasma was collected by an optical fiber of 400 µm and fed onto an echelle spectrometer coupled to the 
ICCD camera (Aryelle 200 system, LTB -Germany).  
The lithiasic components, object of this contribution, are calcium oxalates (with their two crystalline forms whewellitte and 
weddelite (Fig1. a, b), uric acid (Fig1. c), carbapatite, struvite (Fig.1 d) and cystine (Fig.1 e). The spectra obtained by LIBS 
spectroscopy revealed clear nuances between the different types of these components, thus allowing their characterization by 
this new analysis technique. Further analysis of these spectra made it possible to identify the specific lines for each type of 
lithiasic component. 
The analysis of urinary calculi by LIBS spectroscopy gave very encouraging results in the identification of lithiasic compo-
nents. This method can therefore be an interesting and complementary alternative for a more in-depth study of lithogenesis 
process. Indeed, the low impact of the laser beam used (about 100 µm of diameter) makes it possible to carry out a well lo-
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ABSTRACT: Terahertz Time-Domain Spectroscopy (THz-TDS) has become a novel and powerful analytical tool for the 
characterization of materials and drugs in chemistry and pharmaceutical industry recently, due to its sensitivity in the field 
of molecular interactions, the characterization of chiral drugs might be implemented in a convenient approach. In this work, 
a method of applying THz-TDS with polarized detection has been developed and applied for the characterization and analy-
sis of several chiral drugs and enantiomers. The terahertz absorption spectra of enantiomers were recorded on both horizon-
tal (Ex) and vertical (Ey) directions. Three pairs of chiral reagents, L-camphorsulfonicacid, D-camphorsulfonic acid, (S)-(-)-
3-Aminoquinuclidine Dihydrochloride, (R)-(+)-3- Aminoquinuclidine Dihydrochloride, (S)-(+)-1,1'- Binaphthyl-2,2'- diylhy-
drogenp hosphate and (R)-(-)-1,1'-Binaphthyl-2,2'-diyl hydrogenphosphate have been tested. The proposed method shows a 
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The risk to be exposed to a microbiological contamination always existed, albeit in civil situations (e.g. metro, hospitals or 
habitats) or in the defense domain (biological weapons, terrorism). To be able to intervene in a safe way, a rapid detection 
and identification of airborne bacteria is needed. In recent years, spectroscopic techniques, including Raman spectroscopy, 
have shown great potential for the study of bacteria, moisture and fungi. However, conventional methods for detection and 
identification of bacteria are known to be time consuming. Therefore, the aim of this work is to find a way to identify culture-
less bacteria at the species level, in air samples collected indoors and outdoors, and by means of Raman spectroscopy.  
Raman spectroscopy is often used in combination with chemometrics to identify bacteria by building a classification model
1
. 
However, all current studies present relevant models with cultured bacteria and to our knowledge, those models are not ro-
bust when they have to predict the identity of a bacterium from a real air sample, as they do not take into account changes 
the bacteria can suffer in the air. This is why a new protocol is proposed to identify bacteria from a real air sample by com-
bining Raman spectroscopy and genomic analysis, by directly connecting them by means of a NanoGPS which is an absolute 
repositioning system (Horiba Jobin Yvon). This ensures that the bacteria extracted by Laser Capture Microdissection 
(LCM)
2
 for later single cell genomic analysis are the same as analyzed by Raman spectroscopy. 
As expected, first results on cultured bacteria show the possibility to discriminate bacteria thanks to Raman spectroscopy 
using a SVM classification model. In real air samples, an additional difficulty arises as there is a wealth of inorganic parti-
cles present, complicating the analysis. A staining of the bacteria is then performed with SYTO9, a green fluorescent nucleic 
acid stain. It allows us to use the fluorescence of living and dead Gram-positive and Gram-negative bacteria as a discrimi-
natory criterion.  Additionally, the use of the ParticleFinder software (Labspec, Horiba Jobin Yvon), allows us to increase 
the discrimination efficiency by using morphologic parameters of particles. Thanks to these different tools, it is now possible 
to develop a new protocol allowing us to identify uncultured bacteria from air samples. 
1
 Schmid, U., et al.; Gaussian mixture discriminant analysis for the single-cell differentiation of bacteria using micro-Raman 
spectroscopy. Chemom. Intell. Lab. Syst. 2009, 96, 159-171. 
2






Determination of As, Hg, Mn and Pb in hair using atomic absorption 
spectrometry as biomarkers of exposure for health risk assessment. 
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ABSTRACT: Arsenic (As), lead (Pb) and mercury (Hg) are the first three elements of The Priority List of Hazardous Sub-
stances (ATSDR 2015) due to their frequency, toxicity, and potential for human exposure in contaminated sites. These ele-
ments are considered systemic toxicants that induce multiple organ damage and several diseases, ranging from neurological 
to skin problems, even at low levels of exposure. Other metallic trace elements as manganese (Mn) are essential nutrients 
required for various biochemical and physiological functions in adequate doses but high concentrations of Mn (above 3 µg 
g
-1
) may cause neurological problems. The determination of the concentration of these toxic elements in hair is useful as 
biomarkers in screening programs of health risk assessment. Hair can be used as an historical sample, so it is a very conven-
ient sample for chronic exposure assessment. In this work a simple sample preparation method for the determination of As, 
Pb, Mn, and Hg was developed and validated. Hair samples were taken from healthy non-occupationally exposed adult vol-
unteers. A washing protocol was carried out before sample treatment for hair samples. A microwave-assisted method was 
employed for hair digestion. 25mg of each sample were digested with 10 mL of HNO3 25% v/v and completed to 25 mL with 
ultrapure water. Analytical determinations were performed by electrothermal atomic absorption spectroscopy (ETAAS) for 
Pb and Mn, by cold vapor atomic absorption spectrometry (CV-AAS) for Hg and by hydride generation atomic absorption 
spectrometry (HG-AAS) for As. Detection limits for this matrix were 0.44 µg g
-1
 (Hg); 1.38 µg g
-1
 (Mn); 1.43 µg g
-1
 (Pb) and 
0.28 µg g
-1





each element. For Pb the RSD ranged from 6 to 10%, for Mn between 4 to 6%, for Hg between 5 and 8% and for As between 
5 and 7%. Trueness for Mn, Hg and Pb was estimated using a certificate reference material (CRM) purchased from the Na-
tional Institute for Environmental Studies (NIES) Nº 13, Human Hair. Recoveries from the CRM analysis were between 70 
and 120% (n=8). For As a spike recovery assay was carried out at two levels; this was necessary due to the fact that the cer-
tificate value was below the detection limit of this method. The validated method was applied in a presumably environmental 
exposed children population study. 38 hair samples were obtained following a standard protocol. Results showed that only 
three of the analyzed samples had Mn levels above 3 µg g
-1
. Regarding the other contaminants, 6 of them had Pb concentra-
tions considered significantly higher than the mean values expected for non-exposed population. For As and Hg, all samples 
levels were below quantification limits. A simple analytical method with one single step for sample preparation was success-
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Abstract: Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) represents a unique technique ena-
bling elemental analysis of solid samples in a wide range of matrices with outstanding detection capability and excellent 
spatial resolution. These features make it appropriate for analysis of materials where information on local composition and 
two- or three-dimensional distribution of elements is required. LA-ICP-MS is reported in contribution for study of minerals 
(mica), biominerals (uroliths, otoliths) and geological samples; moreover, our attention is also paid to soft biological tis-
sues. LA-ICP-MS application in biomedical research, e.g. imaging of tumor tissues, invertebrates, cultivated cells may bring 
information important for a better understanding of processes in living organisms and can be useful for testing of new poten-
tial chemotherapeutics. For selected types of solid matrices, laser ablation-produced aerosol was simultaneously monitored 
with ICP-MS with fast mobility particle sizer and scanning mobility particle sizer to obtain particle size distribution and its 





Rapid Malaria Diagnostics via Peak-Free LIBS of Blood 
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ABSTRACT: Body fluids have a unique biochemical composition which alters in response to pathological stimuli. Invasion of 
pathogens leads to structural and chemical changes as well as the functionality of essential body components. Hence the 
concentrations, alterations and correlations of trace elements in body fluids can be used as biomarkers for disease diagno-
sis. Although the spectra contain a lot of chemical information that has relevance in disease diagnostics, LIBS spectra of 
blood in air and atmospheric pressure are complex and peaks from most trace biometals are optically thick, subtle and un-
discernible. By combining peak-free LIBS with multivariate chemometrics (PLS, ANN, PCA) we have achieved accurate 
quantification of trace Cu, Zn, Fe and Mg in Plasmodium falcifurum infected blood utilizing the biometals as disease bi-
omarkers. Common optical and clinical techniques of malaria diagnosis which include the gold standard for laboratory con-
firmation of malaria (examination of stained blood film under a light microscope) are plagued with many shortcomings. We 
show that the levels of Cu, Zn, Fe and Mg alter predictably during malaria infection and progression of the disease. In order 
to develop the multivariate calibration strategy for quantitative analysis based on PLS and ANN a model blood was simulat-
ed by spiking trace levels of the biometals into a base matrix composed of glycerol, glucose, bovine serum albumin and poly-
vinyl chloride embedded onto Nucleopore membrane. Oyster tissue was used to delineate the spectral regions of interest 
(feature selection). NIST/SRM-1598 (inorganic constituents in animal serum) was used to validate the method (accuracy was 
≥ 90 %) for all analyzed biometals. The method was then applied to determine the concentrations of the biometals in malari-
al blood. Occurrence, concentration and alteration of the biometals in response to Plasmodium falcifurum infection were 
determined progressively for 96 hours. The blood was successfully classified as either infected or healthy based on the levels 
and multivariate correlations among the biometals. The results show that infected blood has higher levels of Cu, and lower 
levels of Fe, Zn and Mg. The well-known morphological changes of the parasites (merozoites, trophozoites, schizonts) were 
also successfully determined every 24 hours using PCA indicating that Plasmodium infection leads to structural changes that 
alter the spectra generated in LIBS. We demonstrate that following malaria infection Cu levels increase 328 ppb - 1999 ppb 
while Fe, Zn and Mg levels decrease 1206 ppb - 674 ppb, 1523 ppb - 499 ppb and 23880 ppb - 19573 ppb respectively. 
Pearson correlations show that Fe and Cu as well as Zn and Cu have high negative correlation (≥ 0.9) in infected blood, 
while Zn and Cu have high positive correlation (≥ 0.9). There is also high negative correlation of Fe and Zn and high posi-
tive correlation of Cu and Mg with parasitemia. The results show proof of concept for chemometrics enabled peak-free LIBS 
as a robust technique for rapid diagnostics of malaria in blood as the LIBS spectra have been ascertained to be a “finger-
print” capable of diagnosis for malaria presence and parasitemia. This is important as malaria is a serious, infectious and 
widely fatal disease especially in Tropical Africa. 
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ABSTRACT: Dynamic Nuclear Polarization (DNP) [1] and ParaHydrogen-Induced Polarization (PHIP) [2] have recently 
emerged as a recent method to overcome the Signal-to-Noise Ratio (SNR) limitations in magnetic resonance (MR) - chemical 
shift imaging (CSI), leading to enhance the nuclear magnetization by several orders of magnitude as compared to the ther-
mal equilibrium signal. Currently, DNP is the most widely used hyperpolarization technique for 13C-enriched molecules and 
this enables an increased SNR of ≈10 000-fold. 13C-MRS allows a semi-quantitative assessment of substrate changes in a 
target tissue and real-time measurements of metabolic fluxes [3]. CSI with hyperpolarized 13C-enriched substrates is a 
promising imaging technique for the evaluation of cardiac metabolism in vivo. Since the natural abundance of 13C in bio-
logical tissue is limited, a sufficient SNR ratio for 13C-CSI is obtained by increasing the polarization level of these com-
pounds. In this work, different hyperpolarized substances (1-13C-pyruvate, 1-13C-acetate and 1-13C-butyrate) have been 
investigated in a swine model, to study the typical pattern of distribution of [1-13C]-substrates and its downstream metabo-
lites in cardiac tissue. 13C-CSI is a promising candidate as a novel imaging tool for the evaluation of the regional metabolic 
changes in the contracting heart:  however, many technological improvements are needed to translate this new imaging mo-
dality to a clinical application [4].  
. 1. RE Hurd , YF Yen, AC hen, Ardenkjaer-Larsen JH. Hyperpolarized 13C metabolic imaging using dissolution dy-
namic nuclear polarization, J Magn Reson Imaging. 2012 Dec;36(6):1314-28.  
2. JBH övener, S Knecht, NS chwaderlapp, J Hennig, Dv on Elverfeldt: "Continuous re-hyperpolarization of nuclear 
spins using parahydrogen: theory and experiment", ChemPhysChem, 2014, 15(12):2451-7 
3. K. M. Brindle,  Imaging Metabolism with Hyperpolarized 13C-Labeled Cell Substrates, J. Am. Chem. Soc., 2015, 
137 (20), pp 6418–6427  
4. GD Aquaro, L. Menichetti, Hyperpolarized 13C-Magnetic Resonance Spectroscopy: Are We Ready for Metabolic 




















Model of the interaction of polypyrrole with organic dyes and its in-
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Polypyrrole (PPy) is one of the most popular conducting polymers due to its good environmental stability and conductivity. 
Typically, oxidation of pyrrole leads to the granular morphology of PPy. It has been shown lately, that addition of methyl-
orange (MO) to the reaction medium where PPy is prepared induces the formation of nanotubular morphology [1]. The for-
mation of nanotubes was explained simply by the formation of solid MO templates in the reaction medium. However, later 
experiments with deprotonation of PPy–MO nanotubes [2] and the addition of other dyes, such as ethyl-orange, acid blue 25 
and acid blue 129, to the reaction mixture, have allowed a more detailed view of the nanotube structure and formation pro-
cess. All samples were thoroughly studied by Fourier-transform infrared and resonance Raman spectroscopies. These meth-
ods, considering their specific sensitivities and depth of penetration, enabled the understanding of the structure of PPy nano-
tubes, namely of the content of the dye and protonation of PPy at inner and outer side of the nanotube wall. Some dyes lead 
to the formation of PPy nanotubes (MO, acid blue 25) and some do not (ethyl-orange, acid blue 129). This, and the structure 
of the PPy nanotubes as observed by vibrational spectroscopies, can be explained by a model based on the changes of pH of 
the reaction medium during the oxidation of pyrrole together with the solubility of the dye in aqueous media of various acidi-
ties. According to this model, dyes that will lead to the nanotubular PPy morphology can be effectively selected. [1] J. Ko-
pecká, D. Kopecký, M. Vrňata, P. Fitl, J. Stejskal, M. Trchová, P. Bober, Z. Morávková, J. Prokeš, I. Sapurina: Polypyrrole 
nanotubes: mechanism of formation. RCS Adv. 2014, 4, 1551. [2] J. Stejskal, M. Trchová, P. Bober, Z. Morávková, D. Ko-
pecký, M. Vrňata, J. Prokeš, M. Varga, E. Watzlová: Polypyrrole salts and bases: superior conductivity of nanotubes and 
their stability towards the loss of conductivity by deprotonation. RSC Adv. 2016, 6, 88382. The Czech Science Foundation is 
acknowledged for financial support (project no. 17-04109S).   
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In this work, the shift of the mass-charge ratio, through oxide formation, was evaluated to improve the accuracy in the de-
termination of Manganese, Nickel and Iron employing an Inductively Coupled Plasma Mass Spectrometer (ICP-MS) and the 
Dynamic Reaction Cell (DRC). The only Mn isotope is
 55
Mn and it presents as interferent K; the most abundant isotope of Fe 
it the 
56
Fe (91.72%), and the presence of Ar and Ca interferes on its quantification; the most abundant isotope for Ni is the 
58



















sent no significant interferences. Gallium also present m/z as 71 and at m/z = 72 it is possible find Ge; Germanium presents 
m/z = 74 and also Se; however, the low presence of these elements in Earth Crust (Ga ca. 19 ppm and Ge ca. 1.5 ppm) and 
their low solubility in diluted acids (such condition is currently found by ICP-MS analysis), denotes the low probability of 
their interferences. On the other hand, Se is soluble at such conditions, nevertheless, Se is an element with a tendency to 
form oxide inside the DRC. Then, to propose an alternative for eliminating some polyatomic and/or isobaric interferences 
already described, the shift of the mass-charge ratio through the formation of the analyte oxide was carried out using a 
DRC, by filling this cell with a reactive gas (O2 in such case) for minimizing/avoiding such interferences. In this way, the 
best condition was evaluated for generating analyte-oxide species, which involved the O2 flow-rate and the Rejection Pa-
rameter of quadrupole (RPq), dimensionless value given by Mathieu Equation, which correlates the voltage applied in the 
rod of the quadrupole and the stability of the ion. The instrument has a tool for the DRC optimization, which involves some 
variables such as the matrix solution (M) presenting all interferents, and a spiked solution (S), containing the interferent + 
the analyte. By fixing the gas flow-rate, the RPq value is then varied. These solutions were prepared with all anlalytes and 
interferents describe above. For all optimization, the values of the gas flow-rate (GFR) was evaluated from 0.1 to 1.0 mL 
min
-1
 and the RPq from 0.4 to 0.9.The best value  of GFR and RPq were, respectively, to the wa 0.6 mL min
-1






formation; 0.5 mL min
-1






; 0.4 mL min
-1






 Analytical curves were obtained  
at their best condition, and the parameters (slope, linearity, linear range and limit of quantification) obtained were: for Fe 
151.78, 0.9973, 1-25 µg L-1and 0.91 µg L-1, respectively; for Mn, 155.65, 0.99927, 1–25 µg L-1 and 0.56 µg L-1, respectively; 
and for Ni, 53.83, 0.99930, 0.5–25 µg L-1 and 0.33 µg L-1.respectively. Certified reference material of water was employed 
for accuracy purposes, with recoveries of ca. 100% for each analyte, making this strategy an elegant alternative for accu-
rately determining Mn, Ni and Fe by ICP-MS. 
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ABSTRACT: The newly developed EXAFS set-up comprises both time- and spatially-resolved EXAFS information simultane-
ously in a single-shot. This facile, stable and scanningless set-up was tested at the BAMline @ BESSY-II (Berlin, Germany). 
The primary broadband beam is generated by a filter/X-ray-mirror combination (bandpass). The transmitted beam through 
the sample is diffracted by a convexly bent Si (111) crystal, producing a divergent beam. This, in turn, is collected by an area 
sensitive detector, in a θ - 2θ geometry. The first in situ measurements were successfully carried out and hereby presented. 
The case-study deals with research on Zn-based Metal-Organic-Frameworks (MOFs) that have potential for medi-
cal/pharmaceutical applications. This hot topic of MOF research targets encapsulation of therapeutically relevant bio-
macromolecules (e.g. Enzymes) for drug delivery applications. Questions regarding the influence of proteins on the coordi-
nation of Zn during MOF crystal growth and within the final MOF can be answered with this new setup. We were able to 





Application of principal component analysis model for real-time 
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ABSTRACT: Membrane fouling is a critical challenge in membrane filtration processes as it causes a decrease in filtration 
capacity and might also affect the selectivity of the used membrane. Novel early warning techniques for the detection of foul-
ing problems in membrane processes is needed for improvement of fouling prevention strategies. Normal Raman spectrosco-
py has been recently applied as real-time measurement tool for the non-destructive monitoring of membrane fouling and 
cleaning of commercial polyethersulfone membranes. Water solutions of vanillin with different concentrations and pH values 
were used as a feed solution and adsorption of vanillin on the surface of the membrane was detected by Raman spectroscopy. 
The results were validated by external calibration method, i.e. extraction and UV-visible spectroscopic analysis. The real-
time Raman data was supplied to spectral preprocessing and principal component analysis (PCA). The calibrated data was 
used to build the PCA model, which presents the membrane process that is proceeding in the desired way. The experimental 
results showed a fairly good correspondence between the predicted concentrations based on PCA model and actual meas-
ured concentrations of adsorbed vanillin. Secondly, the PCA model based technique was successful in monitoring membrane 
flushing and concomitant desorption of vanillin. The model was also able to differentiate anomalous processes based on dif-
ferentiating score and loading values. The normal Raman spectroscopy combined with PCA model has potential to be used 
for monitoring and controlling of fouling and cleaning in membrane processes.  
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ABSTRACT: Metal complexes widely exist in our environment and are highly related with human society. Now the charac-
terization of metal complexes is implemented by using XRD (X-ray diffraction), UV (ultraviolet and visible spectrophotome-
ter), FTIR (Fourier infrared spectroscopy), NMR (nuclear magnetic resonance) etc. Terahertz time domain spectroscopy 
(THz-TDS) provides a novel approach for coordination compounds characterization. In this paper, the THz spectra of the 
salts of manganese, cobalt, copper and iron and their EDTA complexes were investigated. Comparing to the infrared spectra 





 can be distinguished based on the THz spectra, as proposed in this work. The molecular vibration information 
in the THz wave band provides the fingerprint for further study of coordination compounds identification. 
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ABSTRACT: 4-Amino-3-penten-2-one (APO) is one of the interesting β-enaminones, involved in the N–H⋯O intramolecular 
hydrogen bond system assisted by resonance [1]. This special hydrogen bonding makes them to play the role of a good lig-
and to provide useful complexes. To identify the structure and stability of these complexes, the structure and intramolecular 
hydrogen bond strength of these ligands should be investigated. In this study, the molecular structure and vibrational spectra 
of 4-butylamino-3-penten-2-one (BPO) and 4-tert-butylamino-3-penten-2-one (tBPO) were investigated using density func-
tional theory (DFT). The geometrical optimization and vibrational wavenumber calculations were performed at the 
B3LYP/6-311++G(d,p) level. The results were compared with the corresponding experimental infrared (IR) spectra. Fourier 
Transform IR spectra of BPO and tBPO were clearly assigned. The spectra were also compared with the simplest similar 
molecule, namely APO [2]. The hydrogen bond strength in all stable structures is estimated by considering the geometrical 
parameters obtained from the DFT calculations and also by calculating the hydrogen bond energies using Bader’s atoms in 
molecules (AIM) theory. According to our calculations, the N…O distance in BPO and tBPO is 2.664 and 2.666Å, respective-
ly. It confirms that the hydrogen bond in these molecules are slightly stronger than that in APO (2.671 Å) [3]. The difference 
between the studied compounds and APO is the substitution of the –NH2 group by the –NHC4H9 group in APO. According to 
our study, two factors are responsible for increasing the bond strength, i.e., steric effect and inductive effect. The results ob-
tained from AIM and NBO calculations also confirm the above conclusion. Excellent correlations were achieved between 
geometrical parameters (except N…O distance), AIM, NBO, γNH, νNH and δNH with the hydrogen bond strength, EHB. As an 
overall result, the hydrogen bond strength of the understudy molecules follows the below order:  
tBPO > BPO > APO. 
References 
[1] S. Soltani-Ghoshkhaneh; M. Vakili; S.F. Tayyari; A.R. Berenji. J. Mol. Struct., 2016, 1103, 35. 
[2] S. F. Tayyari; H. Raissi; F. Tayyari.Spectrochim. Acta A, 2002, 58, 1681. 
[3] A.R. Berenji; S.F. Tayyari; M. Rahimizadeh; H. Eshghi; M. Vakili; A. Shiri. in:  A. Afkhami (Ed.).Book of Abstracts of 















Innovations in Spectral Sensing Exploring Ag+ Coordination Poly-
mers Facilitated by Ag+-Ag+ Interactions 
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ABSTRACT: While the majority of the chemosensing is realized using individual molecular sensor that bears a binding site for 
analyte species and a signal reporter, that are linked by a spacer in the structural framework of “Signal reporter-Spacer-
Binding site”, we launched a spectral sensing scheme by using metal coordination polymers. We chose Ag
+
-thiol coordination 
polymers as our first system to explore. These coordination polymers have been extensively employed as precursors for pre-
paring Ag nanoparticles, yet the polymers themselves have not been understood well. We envisaged to introduce a binding site 
to the thiol ligand we would be able to create a sensing platform for spectral sensing for those binding to the thiol ligand of 
much higher local concentration and tunable orientation of the binding sites in the polymers than in the thiol ligand itself, to 
allow a much better sensing performance. We assumed that metal-metal interactions that have been observed with d
10
 metal 






 may operate in the coordination polymers as an additional driving force for the formation of 
the dynamic polymers. We started our exploration first by mixing Ag
+
 and the thiol amino acid cysteine in acidic buffers and 




 interaction related new chromo-
phore. This established a background-free spectral sensing system for cysteine that features a higher sensitivity. We showed by 




 interactions and the 




 interaction related chromophore as a mirror-imaged CD pro-





and the electrostatic interactions between the cysteine residues contributed to the stabilization of the coordination polymers. 
Whereas the Ag
+
-cysteine polymers are weakly fluorescent, the Ag
+
-GSH polymers are highly fluorescent presumably because 
of the much stronger interaction among the GSH ligands in the polymers. In support of this assumption we observed the hy-
drogelation of the Ag
+
-GSH polymers, which allowed the creation of a highly sensitive and selective sensing scheme for I
-
 that 
competes to bind Ag
+
 cations and thus the breaking of the gel and the release of much more amount of water entrapped in the 
gel.  This response promoted us to create a new fluorophore-containing cysteine derivative by making the latter into the amide 





mophore to enhance the emission of the polymers, thus the naphthalene fluorophore acting as an antenna. Upon excitation at 
280 nm of the naphthalene chromophore in the polymers, we indeed observed emission at both 340 nm and 440 nm, due re-




 chromophore, allowing a ratiometric fluorescent sensing of 
Ag
+
. In the former cases we noted that the CD profiles are the same if the cysteine residue is of the same configuration. We 





 chromophore because of the aforementioned thiol-thiol interactions. We therefore proposed the general 
scheme of the spectral sensing of using the Ag
+
-thiol coordination polymers by introducing a binding site into the thiol ligand. 
We verified this proposal by introducing a boronic acid group into the achiral benzenetiol for chiral sensing of monosaccha-
rides. The rationale behind is that upon binding to a monosaccharide of the boronic aid the achiral thiol ligand may turn into 





phore is included within the binding network. We did observe varying CD profiles when a variety of monosaccharides were 
applied to the Ag
+
-thiol coordination polymers. These promising preliminary data have ensured our mission of sensing explo-
rations for other species, both achiral and chiral, for which details of recent advances will be presented in my lecture.  I thank 
the financial supports by the NSF of China and the Ministry of Education of China. 
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ABSTRACT: Carbon Fiber Reinforced Polymers (CFRPs) have been used aeronautical, marine and automotive industry for 
manufacturing different components since CFRPs have lots of advantageous specification such as high strength, high 
stiffness, good shear properties, low density and corrosion resistance. Strong joining of CFRPs is applied by using various 
methods such as adhesive bonding, rivets or bolts.  Adhesive bonding has numerous advantages for joining of components 
when surface is prepared properly. Laser surface treatment is a developing method in preparation the CFRP surfaces. In 
this study the influence of surface chemistry to the contact angle measurement and adhesive bonding strength of CFRP 
composites was investigated in the CO2 laser ablated composite structures. Surface characterization of CFRP samples was 
carried out using laser induced breakdown spectroscopy with a nanosecond pulsed Nd:YAG laser and an ICCD camera 
before and after laser treatment. The surface characterization of laser treated carbon fibers was identified C, O, N and 




An innovative spectroscopic technique for the study of palladium 
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Alkaline Direct Alcohol Fuel Cells (ADAFC) are particular interesting fuel cells because, in addition to convert chemical 
energy in electrical energy, could work with cheaper catalyst than platinum and also provide interesting products for indus-
trial application, like acetates. These devices need to be understood in deep to improve their extrinsic energy efficiency. To 
reach this goal Fixed Energy X-ray Absorption Voltammetry technique have been used. FEXRAV (Fixed Energy X-ray Ab-
sorption Voltammetry) and represents an innovative, fast and easy [1] method for the in situ and in operando X-ray absorp-
tion analysis at a fixed energy during a cyclic voltammetry and is particularly suitable for the investigation on the electrodic 
surface for heterogeneous catalytic reactions [2]. For the first time FEXRAV have been used to study the palladium behav-
ior. In particular palladium nanoparticles supported on carbon have been studied in solution of KOH and various organic 
fuels. By results, it is possible to detect and quantify the percentage of oxide on the catalyst, the maximum overpotential be-
fore the poisoning of the catalyst and its loss in function of time; even some information on the reaction mechanisms could be 
obtained. References:[1] A. Minguzzi, O. Lugaresi, C. Locatelli, S. Rondinini, F. D’Acapito, E. Achilli, P. Ghigna, Anal. 
Chem. (2010), 85, 7009-7013. [2] A. Minguzzi, O. Lugaresi, E. Achilli, C. Locatelli, A. Vertova, P. Ghigna, S. Rondinini, 
Chem.Sci. (2014), 5, 3591-3597. 
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New sonochemically assisted synthesis of structured non-noble cata-
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ABSTRACT: Zirconia with its unique electrical and mechanical properties has drawn interest of the energy related industry, 
in gas abatement applications
1-2
. Since, the alternative for fossil fuels are on high demand, the application of catalytic com-
bustion to produce the electricity from biogas was proposed and investigated deeply for many researchers. Despite of a great 
number of catalysts for methane and VOCs combustion there is still a need for searching the catalysts which can be applied 
in structured reactors with sophisticated shapes. The question arises, how to optimize and improve the preparation methods 
to obtain high catalytic activity of manufactured catalysts and avoid coating shrinkage and cracking during the thermal 
treatment of coatings placed on structured reactors. Here, we present the catalyst for methane and VOCs combustion based 
on the thin zirconium dioxide coating doped with non-noble metals prepared by using sonochemical sol-gel method. The 
preparation method of metal oxide layers on metallic structures was based on the synergistic combination of three ap-
proaches: the application of ultrasonic irradiation during the synthesis of Zr sol-gel based on precursor solution containing 
zirconium(IV) n-propoxide, addition of stabilizing agents and ZrO2 deposition on the metallic structures by dip-coating 
method. As a result, the uniform and dense films of zirconium dioxide were obtained on the FeCrAlloy supports. The struc-
tured reactors were characterized by various physicochemical methods such as BET, AFM, EDX, XRF, XRD and in situ Ra-
man spectroscopy. The developed ultrasound assisted sol-gel method has proven to be an efficient way to obtain thin, well 
adhered zirconium dioxide layers on the structured reactors that can be used for gas exhaust abatement purposes. In the 
second step the manufactured catalysts were tested in catalytic combustion of methane and VOCs. The catalysts activity was 
measured using operando DRIFT spectroscopy using Praying Mantis High Temperature Reaction Chamber (Harrick) con-
nected to a MKS Instruments Cirrus II LM118 online quadrupole mass spectrometer in the temperature range of 100 - 450 
°C. The Cr-doped catalyst was the most active in tested reactions. The relative activity was about 20% higher than for the 
reference Pd catalyst. [1] A. Guldhe, P. Singh, F. Ahmad, B. Singh, F. Bux, Biodiesel synthesis from microalgal lipids using tungstated 
zirconia as a heterogeneous acid catalyst and its comparison with homogeneous acid and enzyme catalysts, Fuel. 187 (2017) 180–188. 
doi:10.1016/j.fuel.2016.09.053. [2] X. Li, A. Kant, Y. He, H. V. Thakkar, M.A. Atanga, F. Rezaei, et al., Light olefins from renewable 
resources: Selective catalytic dehydration of bioethanol to propylene over zeolite and transition metal oxide catalysts, Catal. Today. 276 
(2015) 62–77. doi:10.1016/j.cattod.2016.01.038 The Project was financed by the National Science Centre Poland based on the decision 
No 2015/17/D/ST8/01252 and partly within National Centre for Research and Development No LIDER/204/L-6/14/NCBR/2015 
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ABSTRACT: In engineering, we meet different kinds of motors and engines of motion powered by steam, electricity, or 
internal combustion of fuel used in e.g. jets, rockets, or steam engines. However, it is fascinating to see how Nature itself has 
found a solution to control movement at the molecular level by the conversion of chemical energy into mechanical energy 
e.g. during ATP hydrolysis in myosin. This molecular motion of myosin is responsible for the lengthening and shortening of 
filaments that are intensified and changed into useful macroscale motion. Recently, many efforts are made toward obtaining 
molecular and supramolecular systems in which changes in shape, switching processes, or movements occur in response to 
external chemical, electrochemical, or photochemical stimuli. Such systems include the group of molecules containing 
rotating parts often referred to as molecular rotors. In molecular rotors, part with the smaller moment of inertia about the 
axle is called rotator and the part with the larger moment of inertia is called stator. In this paper, we present the synthesis 
conditions and Raman spectroscopy characterization of molecular rotors consisting of steroidal derivatives as stators and 
1,4-diethynylphenylene as rotators. Hecogenin acetate was subjected to Grignard ethynylation followed by Sonogashira 
coupling with 1,4-diiodobenzene-d4. The obtained acyclic dimer was further transformed into the corresponding 3-ester with 
the terminal double bond. This compound was converted into the final product (E and Z isomers) via a RCM protocol. The 
compounds named by us 1 and 2 were prepared for spectroscopic measurements. The Raman spectra were recorded in the 
spectral range 100 - 3200 cm
-1
 using as an excitation source He-Ne laser operating at 632.8 nm and near infrared laser 
operating at 785 nm. On the basis of Raman spectra registered at room temperature for both investigated compounds, the 
assignment of modes was proposed. In the spectral range 400 - 1500 cm
-1
 large number of weak bands is observed. The 
bands in this range can be mainly assigned to vibrations of C−O, C−C, C−H bonds and especially to skeleton vibrations. 
Above 1500 cm
-1
 two most intense bands in Raman spectrum were observed at about 1575 and 2215 cm
-1
 and were attributed 
to the vibrations of double and triple carbon-carbon bonds, respectively. Weak bands recorded in the spectral range 2850 − 
3000 cm
-1
 were assigned to symmetric and antisymmetric stretching vibrations of C−H bonds. To investigate molecular 
dynamics of rotors with temperature two above mentioned bands were selected for analysis. Different behaviour with 
temperature of bands at around 1575 and 2215 cm
-1
 for 1 and 2 compounds was observed. The appearance of new features 
with decreasing temperature in two above mentioned bands was observed only for 2. This is due to the presence of non-
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ABSTRACT: Distinguishing between different selenium chemical forms present in biological systems presents a particular 
challenge for analytical chemists because of the complex speciation and very narrow selenium essentiality range.  Besides 
having several possible oxidation states in its inorganic form, selenium can be incorporated into tens of known (and proba-
bly many more not discovered yet) low molecular weight (less than 1000 Da) selenometabolites, many SeCys- and SeMet-
containing proteins, selenosugars, selenolipids and, the last but not least, present as selenium nanoparticles.  Each of these 
forms has a distinct biological function and as such should be individually detected and determined in the presence of a rich 
biological matrix. Reliable analytical methods for selenium speciation are of utmost importance for life sciences including 
biochemistry, metabolic an toxicological studies and food sciences. The presentation will discuss state-of-the-art analytical 
approaches to selenium speciation based on a synergic use of elemental (ICP MS) and molecular (ESI MS
n
) mass spectro-
metric (MS) techniques. This concept, combining the virtues of both mass spectrometric methods, requires a compromise 
concerning the separation conditions prior to the MS which have to be applicable to both techniques. The robustness of ICP 
MS ensures reliable quantitative control of the stability of the species throughout the analytical procedure whereas the re-
cent developments in ESI Orbitrap MS, including resolution of more than 500 000 and sub-ppm mass accuracy together with 
multistage fragmentation capacity, provide means of reliable identification of unknown, and confirmation of the presence of 
known, compounds. The speciation information on selenium incorporation into biota is completed by Single-Paticle (SP) 
investigation of the size and number concentration of selenium nanoparticles naturally formed in the metabolic processes. 
Several applications of the developed analytical approaches to speciation analysis in plants, microorganisms and cultured 
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ABSTRACT: Metals are required in many life processes, and consequently all organisms have developed mechanisms for 
their uptake and homeostasis. Bacteria developed strategies for metal acquisition in metal-deprived environments involving 
the synthesis of siderophores, their extracellular release prior to capture and import of the siderophore-metal, typically Fe
3+
, 
complex. In plants, metal species play an essential role in maintaining the structure and the enzymatic activity of cells. 
Plants have evolved their own metal chelators and among them, nicotianamine is an important metabolite that is essential in 
the homeostasis of iron, copper, nickel and zinc. An excess of certain metals can lead to severe toxicity because of metal sub-
stitutions in enzymes and oxidative damage. For the above reasons, it is crucial to determine the nature of metal species to 
better comprehend their fate and their role in organisms. Generally associated with organic molecules, metals are usually 
present in low concentrations (nM to µM ranges) and occur distributed in a plethora of chemical forms with various proper-
ties (covalent or non-covalent species and a wide range of molecular weights). These species are often unstable (labile and 
prone to oxidation), which makes the analysis cumbersome. Whereas covalent species can be approached by canonical 
metabolomic procedures, the identification of non-covalent metal complexes at basal concentrations remains a challenge. In 
particular, de novo identification of previously unreported species and detection of minor species are therefore difficult to 
achieve. The lecture discusses the developments of analytical methodologies for the probing of the metal complexes in bacte-
rial and plant ligand environment, the identification of the species present and their quantitative determination. The proce-
dures involved hydrophilic interaction chromatography with dual detection by elemental (inductively coupled plasma mass 
spectrometry) and molecular (high-resolution electrospray mass spectrometry) mass spectrometric detection. In terms of 
applications two case studies will be discussed: (i) exploratory strategies for the discovery and characterization of a new 
bacterial siderophore, staphylopine, and (i) large-scale (> 10 metals, > 50 metal complexes) detection, identification and 
semi-quantitative determination of metal complexes in the xylem and embryo sac liquid of the green pea, Pisum sativum. The 
methodologies developed provide a large inventory of various types of metal complexes, which is a significant asset for fu-
ture biochemical and genetic studies into metal transport/homeostasis. 
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Direct Speciation Analysis of Arsenic in Whole Blood and Blood 
Plasma at Low Exposure Levels by Hydride Generation- 
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ABSTRACT: Arsenic is a toxic element present in body fluids in number of species. From the point of arsenic toxicokinetics 





) and their methyl derivatives, mono- (MAs) and dimethylated arsenic (DMAs), also in tri- and pentavalent 
forms. Compared to commonly analyzed urine samples, speciation analysis of arsenic in whole blood and blood plasma is 
no easy task. The typical arsenic concentrations in unexposed blood are in low µg l
-1
 or below, which is right at or beyond 
the limits of the workhorse method of speciation analysis, HPLC-ICP-MS. A well-known technique of selective hydride 
generation with cryotrapping (HG-CT) was developed already in the early 70’s. But even nowadays it is an excellent com-
plement of currently used HPLC-ICP-MS methods, which it surpasses especially in sensitivity and in the minimum sample 
pretreatment needed. Hyphenation to ICP-MS provides ultrasensitive detection. On the other hand, although this method 
can provide the quantitation of the most toxicologically interesting species, it cannot provide complete arsenic speciation. 
A method for analysis of toxicologically important arsenic species in blood plasma and whole blood will be presented. The 
method is a modification of the technique that has been previously validated for number of complex biological matrices 
including tissue homogenate. Preparation of blood or plasma samples involves only 5 times dilution with addition of Triton 
X-100, Antifoam B and L-cysteine for prereduction of As species. This combination of surfactants suppresses excessive 
mixture foaming in the hydride generator. Slopes of calibration graphs measured in samples of whole blood and blood 
plasma spiked with iAs, MAs and DMAs at 0.25-1 µg l
-1
 As levels for HG-CT with AAS detection and at 0.025- 0.1 µg l
-1
 As 
levels with ICP-MS detection did not differ from slopes obtained from aqueous solutions. Samples with elevated arsenic 
content in form of species generated in the process of As metabolism- plasma from leukemia patients treated by arsenic 
trioxide and whole blood from mice fed arsenic containing diet- were analyzed after mild phosphoric acid digestion and 
results were in a good agreement with results of direct analyses by HG-CT AAS. These plasma samples containing natural-
ly occurring arsenic metabolites were then used as a spiking material to plasma and blood matrix, at sub µg l
-1
 levels, cor-
responding to low arsenic exposure. HG-CT-ICP-MS analysis provided for all species recoveries of 88-104% from blood 
plasma and 91-99% from whole blood. The precision of measurements in plasma and whole blood samples was better than 
5% and typically better than 3% in the range 0.01 -0.1 µg l
-1
. Limits of detection in original blood and plasma samples 
were assessed as 0.003 µg l
-1
 As for iAs and below 0.001 µg l
-1
 As for methylated species. Thus, this method is well suited 
for analyses of blood plasma and whole blood from individuals at low exposure levels. This work was supported by the 
Ministry of Education, Youth and Sports of the Czech Republic Kontakt II program project no. LH 15174 and the AS CR 
institutional support RVO: 68081715. 
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ABSTRACT: A rapid and effective suspended dispersive solid phase microextraction (SDSPME) was developed for the spe-
ciation of inorganic selenium using alumina nanoparticles functionalized with Aliquat-336. The target analytes were precon-
centrated and determined by inductively coupled plasma optical emission spectrometry. Alumina nanoparticles were charac-
terised using XRD, BET, SEM and EDX while the functionalized nano-Al2O3 was characterized by FTIR. The effect of pH of 
the solution on speciation Se in water samples was optimized separately. It was observed that when the pH values of sample 
solution ranged from 2.0-7.0, successful separation of inorganic Se species was achieved. The percentage recoveries for Se 
(IV) and Se (VI) were > 90% and 5%, respectively. The two-level fractional factorial design was used to optimize experi-
mental parameters affecting the preconcentration system. Under optimal conditions, the enrichment factor (EF), limit of de-
tection (LOD) and limit of quantification for Se (IV) were found to be 850, 1.4 ng L−1, and 4.6 ng L−1, respectively. Fur-
thermore, intra-day and inter-day precisions expressed in terms of relative standard deviation (RSD) were found to be 1.9 
and 3.3%, respectively. The effect of coexisting ions on the recovery of Se (IV) was investigated. The accuracy of the devel-
oped method was checked by analysis of standard reference material (NIST SRM 1643e). The optimised method was applied 





Speciation Analysis of Arsenic Compounds in Marine Samples 
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Arsenic (As) is non-essential and one of the most toxic component of the Earth’s crust. An environmental transport of this 
element as a result of natural and anthropogenic processes, causes its bioaccumulation in the food chain. Arsenic occurs in 
different chemical forms, differing in the bioavailability and toxicity. Inorganic arsenic (As (III), As (V)) and its organic me-
tabolites (MMA, DMA) characterizes the highest toxicity, therefore the control of their levels in food of animal origin is an 
important element in the human’s health protection. Aquatic organisms, due to their sedentary or sessile lifestyle, are partic-
ularly exposed to arsenic through waterborne and dietary routes. The aim of this study was to assess the concentration levels 
of six arsenic species: arsenite As(III), arsenate As(V), monomethylarsonic acid (MMA), dimethylarsinic acid (DMA), arse-
nobetaine (AsB), and arsenocholine (AsC)). Determination of six arsenic forms was carried out by high performance liquid 
chromatography combined with inductively coupled plasma mass spectrometry (HPLC-ICP-MS) with one anion exchange 
column. The solvent extraction method, using mixture of methanol/water was used for releasing arsenic species in analysed 
samples. Extraction efficiency was confirmed by determination of total arsenic in obtained extracts via ICP-MS. Speciation 
analysis was performed in bivalve molluscs available on the Polish market: dog cockle (Glycymeris glycymeris), Manila 
clam (Ruditapes philippinarum), Atlantic jackknife clam (Ensis directus), blue mussel (Mytilus edulis), Pacific oyster 
(Crassostrea gigas), great scallop (Pecten maximus), common cockle (Cardium edule) and hard clam (Mercenaria merce-
naria). Samples originating from five countries were collected on local warehouses and markets according to the multi-
annual monitoring programme “Protection of animal and public health”. The major arsenic species in bivalve molluscs was 
arsenobetaine, non-toxic chemical form of arsenic. Inorganic arsenic was generally not detected in most samples. Reliability 
of results obtained was verified by analysis of spiked samples, certified reference materials (CRMs) and participation in the 
international proficiency testing. The research was supported by KNOW (Leading National Research Centre) Scientific Con-
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ABSTRACT: In inductively coupled plasma atomic emission and mass spectrometry, the signal of some hard-to-ionize ele-
ments is selectively enhanced by the presence of carbon, sulfur or phosphorus. This effect has been explained by increased 
ionization due to a charge transfer reaction between the concomitant ions and analyte atoms, followed by an ion-electron 
recombination process [1-4]. This results in an increased population of ions as well as excited analyte atoms in the plasma 
[1-4]. ICP-MS results show that P, As, Se, Sb, Te, I, Au and Hg sensitivities are higher for carbon-containing solutions than 
those obtained without carbon, whereas P, As. Se and Te are also enhanced in the presence of sulfuric acid. The atomic 
emission intensities of As, Se and Te are enhanced by a carbon-, sulfur- or phosphorus-containing matrix. Iodine and P 
emission are enhanced in the presence of carbon and sulfur, whereas Hg emission is only enhanced in the presence of car-
bon. Signal enhancement is more significant for those electronic transitions involving the highest upper energy levels. The 
influence of charge transfer reactions depends on experimental conditions. The use of a robust plasma (i.e. using high r.f. 
power and lower nebulizer gas flow rates) improves carbon, sulfur and phosphorus ionization in the plasma and, hence, sig-
nal enhancement due to charge transfer is more pronounced. Due to the presence of easily ionizable elements the ionization 
is somewhat reduced and consequently signal enhancement due to charge transfer becomes less pronounced. Although the 
matrix effects are to some extend explained by changes in the plasma characteristics and differences in ion distribution in the 
plasma, it has been demonstrated that they are also related to charge transfer reactions involving charged species of con-
comitant ions in the plasma. The occurrence of charge transfer reactions may influence the accuracy of the analytical meth-
od. However, the charge transfer process can also be used to improve the limits of detection for the affected elements. To 
take advantage of this effect, better knowledge of its fundamentals is mandatory. Literature on this topic will be comprehen-
sively discussed to highlight the role of charge transfer reactions in ICP-AES and ICP-MS analysis. 
References: [1] G. Grindlay, L. Gras, J. Mora, M.T.C. de Loos-Vollebregt, Spectrochimica Acta Part B 63 (2008) 234-243. 
[2] G. Grindlay, L. Gras, J. Mora, M.T.C. de Loos-Vollebregt, Spectrochimica Acta Part B 115 (2016) 8-15. [3] G. 
Grindlay, J. Mora, M.T.C. de Loos-Vollebregt, F. Vanhaecke, Spectrochim. Acta Part B 86 (2013) 42-49. [4] M.C. García-
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ABSTRACT: Despite the significant advances, sample preparation remains as a critical step of any analytical method. 
Hence, the idea of directly analyzing solid samples has always been appealing as direct analytical methods are associated to 
characteristics such as reduced risk of contamination and/or analyte loss, increased detection power due to the absence of 
dilution and typically higher sample throughput when compared to‘wet chemistry’ methods. Our research group has been 
devoted to the systematic development of methods that include the direct insertion of solid samples into a graphite furnace, 
as a means to quantify trace elements using high-resolution continuum source atomic absorption spectrometry (HR-CSAAS) 
and inductively coupled plasma mass spectrometry (ICP-MS). Analytical methods employing HR-CSAAS involved position-
ing especially-designed L’vov platforms containing a previously weighed aliquot (typically 0.05-1 mg) of a solid sample into 
a graphite furnace. Several methods were developed, which include the simultaneous determination of Cr, Co and Ni in car-
bon nanotubes using calibration approaches that involved the integration of analytical signals at line wings, hence, expand-
ing the linear calibration range to high concentrations. Similarly, atmospheric particulate matter samples were analyzed for 
their Be, Cd, Cr, Pb, Co, Fe and Ni content, the latter three being determined simultaneously. Parameters such as the back-
ground absorption due to the fine rotational spectra of molecules as SiO and PO have been investigated and accurate results 
were obtained, with LODs that ranged from 0.001 to 0.3 µg g
-1
. Direct analysis of stimulant plants has also been investigat-
ed aiming at Mn, Ni, Rb and Sr determination in addition to the establishment of their polyphenol content and antioxidant 
activities. Specific species of plants could be fully discriminated with the aid of principal component analysis. Quantitative 
analysis of halogens using electrothermal vaporization ICP-MS has also been accomplished using direct analysis with the 
‘cup-in-tube’ technique. Coal, biological materials and atmospheric particulate matter samples have been analyzed directly 
often using calibration against aqueous standards. Pre-dried modifiers such as Pd and/or Ca allowed the analytes to remain 
thermally stable and several parameters, such as aerosol carriers, pyrolysis and vaporization temperatures and operating 
parameters have been investigated and optimized. Applications include the quantification of Cl in biological materials, Cl 
and Br in coal and the halogen profiling (F, Cl, Br and I) of atmospheric particulate matter, with typical LOD at sub mg g
-1
 
for Cl and sub µg g
-1
 for Br and I. Overall, the range of application examples that were developed in our research group 
allow to conclude that direct solid analysis is, indeed, a feasible and time-saving approach, which adds simplicity to the task 
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ABSTRACT: In this study, a sensitive atomic emission spectrometer (AES) based on a new low power and low argon con-
sumption (< 10 W, 100 mL/ min) miniature direct current (DC) atmospheric pressure glow discharge (APGD) plasma (3 
mm×5 mm) excitation source was developed for elemental determination in water samples. In this method, heavy metals in 
water was reduced to their hydride form by hydride generation (HG), which was then transported to the APGD source for 
excitation and detected by a compact CCD (charge-coupled device) microspectrometer. Different parameters affecting the 
APGD and the hydride generation reactions were investigated. The detection limit for As, Hg, Cd and Pb with the proposed 
APGD-AES were all below 1 µg/ L, and the calibration curves were found to be linear up to 2 orders of magnitude. It was 
also demonstrated that the sensitivity of the proposed APGD-AES could be significantly enhanced by gas flow-interruption. 
In that mode, the LODs could be improved at least one order of magnitude for As and Sb. The proposed method was success-
fully applied to the determination of certified reference material (GBW08605), tap water, pond water, groundwater and hot 
spring samples. Measurements from the APGD analyzer showed good agreement with the certified value/values obtained 
with well-established hydride generation atomic fluorescence spectrometry (HG-AFS). These results suggest that the devel-
oped robust, cost-effective, and fast analyzer can be used for field based elemental determination and may provide an im-












 Removing interferences with the MS-MS technology in triple 
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ABSTRACT: ICP-MS is the most powerful technique for the determination of trace elements and, operated in single particle 
mode or hyphenated to fractionation techniques (e.g. Field Flow Fractionation), is widely used for detecting inorganic na-
noparticles. Agilent has developed a second generation of QQQ-ICP-MS systems able to increase the power of interferences 
removal and decrease the background for elements, such as silicon (Si), titanium (Ti) and iron (Fe), which are used as ana-
lytical masses in the determination of nanomaterials of importance in the agri-food sector. The presentation focuses on the 





Quantitative depth profile analysis of rare earth elements in corrod-
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ABSTRACT: One of the primary materials used in facilities that handle and manipulate nuclear fuel is stainless steel. How-
ever, it has previously been shown that this material can become contaminated and pose a costly liability to the industry. 
Through a tailored decontamination procedure the material may be disposed of more cheaply or even reused or recycled. 
Whilst previous research has focused on short term contamination experiments of hours or days there is little understanding 
of contaminant behaviour over longer time periods. Moreover, limited work has investigated penetration of contaminants at 
depth, an issue which could complicate decontamination efforts.  In this line, studies have been carried out on corrosion and 
contamination of stainless steels with inactive rare earth element substitutes to radioactive materials. Pulsed glow discharge 
(PGD) coupled to time of flight mass spectrometry (TOFMS) allows sensitive elemental depth profiling with nanometric res-
olution of almost all elements of the periodic table. Therefore, PGD-TOFMS appears to be an interesting and innovative tool 
to study the depth profile of these contaminants after corrosion under different experimental conditions: e.g. varying the 
acidity of the medium, the surface finishes and the time period in which surfaces are exposed to contaminants. 
- Methods: The recently commercialized instrument by HORIBA “PP-TOFMS, Plasma Profiling Spectrometer” has been 
here investigated in the analysis of stainless steel substrates contaminated with different rare earth elements (Ce, Eu, Nd and 
Sm) as inactive substitutes to radioactive materials. After optimization, PGD-TOFMS operating conditions selected were 40 
W of GD applied power, 160 Pa of pressure inside the discharge chamber and 1ms GD pulse with a pulse period of 4 ms. 
The effect of blanking was also investigated to increase sensitivity. Here, it should be noted that blanking is an interesting 
feature of this new instrument, as it has a quadrupole that can act as a filter of ions previous to the TOFMS, to avoid over-
loading of the detector. 








 (matrix element), the detection sensitivity of the 
analytes increases noticeably. Next, we developed a strategy of quantification as there were no suitable CRMs available con-
taining all the elements of interest. Quantitative depth profiles of four samples have shown that the contaminant didn’t pene-
trate the substrate more than 100 nm in the month they were exposed to, being this an interesting novel finding. 
- Conclusions: The work carried out demonstrates the capabilities of the novel PP-TOFMS instrument for depth profiling 
and that the use of blanking improves the sensitivity of the analytes in these samples. Also, the strategy of quantification pro-
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ABSTRACT: Trace amount of lead ion in environmental samples was determined by solidified floating organic drop micro-
extraction for preconcentration prior to flame atomization atomic absorption spectrometry. By the help of the proposed 
method, lead analysis in environmental samples is possible in an ordinary flame atomic absorption spectrometry even at 
trace levels. The lead ion formed hydrophobic complex by anionic surface active agent sodium dodecylbenzenesulfonate 
(SDBS) and potassium iodide (KI) that was extracted using a drop of 1-dodecanol. All significant parameters affecting the 
analytical performance were studied. Optimum pH value was found as 3.5. Optimum sample volume, SDBS concentration, 
KI concentration and extraction solvent volume were found as 75 mL,50 mM in dodecanol, 0.02 M and 75 µL, respectively. 
In addition, optimum extraction time was obtained as 30 min, optimum extraction temperature was 45 °C, optimum stirring 
rate was 650 rpm and ideal extraction phase volume was 0.50 mL, respectively. Methanol was quite effective to use as dilu-
ent.  Under the optimum conditions, the enhancement factor was 73, the limit of detection (3s) and precision were 3.3 ng/mL 
and 1.03% (n = 9, 100 ng/mL), the limit of quantification (10 s) was 10 ng/mL and linear working range was 15-100 ng/mL, 
respectively. The accuracy of the developed method was evaluated by analyzing a certified reference material. The optimized 
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ABSTRACT: Newly developed software, AtomAnalyer, it’s features and benefits will be presented. New approach in data 
processing will be shown with emphasis on user-friendly interface and intuitive control. The main advantage is creating the 
data processing algorithm itself, there is no need to write any code or to be overwhelmed by tables with partial results. The 
so-to-say story of your data analysis will lead you through graphical interface, leaving no space for confusion. It also ena-
bles the possibility to share and supervise easily each others works. It is applicable to any necessary data analysis (qualita-
tive and quantitative, classification, mapping and depth profiling). It contains optimized database of most common spectral 
lines detectable in LIBS spectrum. The software AtomAnalyzer was originally designed for LIBS purposes but is naturally 
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ABSTRACT: Mass spectrometry-based proteomics plays a central role in protein identification and quantification in com-
plex biological matrixes starting with protein digestion followed by analysis of the resulting peptides by reversed-phase liq-
uid chromatography coupled to tandem mass spectrometry. Enzymatic digestion with proteases is the most widespread 
method for cleavage of proteins at specific peptide bonds, and a number of proteases with different specificities are availa-
ble. Chemical cleavage is sometimes used as an alternative to enzymatic digestion if specificity for a certain amino acid se-
quence is required for which no protease is known. Electrochemical oxidation of peptides and proteins has been shown to 
lead to specific cleavage of the peptide bond C-terminal to Tyr and Trp, which makes electrochemistry (EC) a potential in-
strumental alternative to chemical and enzymatic peptide bond cleavage, since EC is fast, does not require the addition of 
reagents, and works under denaturing conditions.  
Cleavage of the peptide bond following electrochemical oxidation of Tyr or Trp results in a spirolactone moiety at the newly 
formed C-terminus offering a handle for chemical labeling. Based on these attributes, we developed a highly efficient and 
selective chemical labeling approach based on spirolactone chemistry. Since electrochemically-generated peptide-
spirolactones readily undergo an intramolecular rearrangement yielding isomeric diketopiperazines, we established a pro-
cedure to prevent intramolecular arrangement by acetylating the N-terminal amino group prior to electrochemical oxida-
tion. This allowed the selective chemical labeling of the tripeptide LWL and the decapeptide ACTH 1-10 with amine-
containing reagents to introduce a fluorescent label or biotin for detection or affinity enrichment. Subsequent work showed 
that the acetylation step can be avoided when stabilizing the spirolactone against intramolecular rearrangement by includ-
ing Cu
2+
 in the reaction mixture.  
Initial experiments with transferring these reactions to a microfluidic chip with an integrated boron-doped diamond elec-
trode show proof-of-principle of an electrochemical device for site-specific protein digestion. Electrochemical digestion of 
peptides and proteins followed by chemical labeling may constitute a new, powerful tool in protein chemistry and protein 
analysis 
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ABSTRACT: Inductively coupled plasma mass spectrometry (ICPMS) is one of the most effective tools for elemental analysis. 
Recent studies demonstrated that protein biomarkers could be quantified via the determination of the elements, which were 
chemoselectively and/or biospecifically tagged/labeled on the targeted protein biomarkers, using isotope dilution ICPMS. 
Furthermore, cells could be easily counted when the targeted biomolecules were membrane proteins. I will talk about some 
studies performed in my laboratory: how to design and assemble a metal-tag towards a targeted protein biomarker with 
chemoselectivity and/or biospecificity.
1-2
 Click chemistry mediated and metabolism-based metal-tagging/labeling strategies 
will be focused to talk. Quantification of protein biomarkers and their post tyrosine-phosphorylation and sialic acid-
glycosylation as well as counting of their host cells as exemplified will be presented.
3-4
 I hope to bring new enlightening ide-
as to our worldwide colleagues working in the field of ICPMS-based bioanalysis, stimulating them and ourselves to engage 
more fundamental studies and develop more applications of ICPMS-based bioanalysis.  
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ABSTRACT: Laser ablation (LA) coupled to ICP–MS has shown interesting capabilities in life sciences for trace element 
mapping of biological tissues. Moreover, the combination of immunoassays with LA-ICP-MS can facilitate protein bioimag-
ing through proper tagging. For such purpose, the use of metal nanoclusters (NCs) as tags will provide high signal amplifi-
cation: as compared to polymeric tags, its ratio “number of metal atoms/size” is very high because they do not contain car-
bon or other nonmetals, resulting in an advantageous sensitive strategy to determine antigen distributions (so, allowing to 
use very small laser spots). In this context, we bioconjugated AuNCs (our synthesized AuNCs have a particle size of 2.7 nm 
and 580 atoms per NC) with the corresponding antibody and immunoassays in 5 microns thick tissue sections have been de-
veloped. After the immunoassay protocol, detection and imaging was carried out by LA-ICP-MS by measuring the Au signal 
(observed background was negligible) and results compared by fluorescence confocal microscopy (AuNCs are also fluores-
cent). The methodology has proved successful for the high resolution bioimaging of Metallothioneins (selected as a proof of 
concept) in different biological tissues, thus opening the way for the development of high resolution and high sensitive meth-






Comprehensive quantitative study of Zn and Metallothioneins in eye 
tissue sections and cultured cells by mass spectrometry-based 
methodologies 
Sara Rodríguez-Menéndez*A,B, Héctor González B,C, Beatriz Fernández A,B, Montserrat GarcíaB,C, Lydia 
ÁlvarezB,C, Miguel Coca-PradosB,C, Rosario PereiroA,B  
ADept. Physical & Analytical Chemistry, University of Oviedo, Julian Clavería, 8, 33006, Oviedo, Spain; BFun-
dación de Investigación Oftalmológica Fernández Vega, University of Oviedo; CInstituto Universitario Fernández 
Vega, University of Oviedo, Avda. Dres Fernández-Vega, 34, 33012, Oviedo, Spain.  
*rodriguezmenendez.sara@gmail.com 
ABSTRACT: Aged-Related Macular Degeneration (AMD) is one of the leading causes of irreversible blindness among elder 
people in developed countries. The main hallmark of this pathology is the buildup of extracellular deposits (drusen) between 
Bruch´s membrane and retinal pigment epithelium (RPE). These deposits can reach millimolar levels of zinc. On the other 
hand, Metallothioneins (MTs) are the main proteins that serve as zinc-ion sensors, involved in the neuroprotection and de-
fense mechanism against oxidative damage. We previously proposed the Zn-MTs redox cycle as a potential therapeutic tar-
get of AMD. [1] Therefore, the development of new methodologies for Zn-MTs quantification and distribution in eye tissues 
might provide useful information for a better understanding of processes involved in AMD.  
- Methods: Molecular biology and optical-microscopy based methodologies are not enough to study the role of Zn and MTs 
in drusen formation. Therefore, the use of complementary tools based on Mass Spectrometry may contribute to the study of 
this process. In this communication, advanced methodologies based on High-Performance Liquid Chromatography (HPLC) 
and Laser Ablation (LA) coupled to ICP-MS detection will be presented to study the Zn-MTs system in ocular tissues and 
cells.  
- Results: First, a quantitative Zn-bioimaging methodology has been developed to study the concentration and distribution of 
Zn in human ocular tissues distinguishing retina, sclera, choroids and RPE regions by LA-ICP-MS. We found a preferential 
distribution of Zn in RPE-choroids followed by retina and sclera; these results have been confirmed by the total quantifica-
tion of Zn by conventional nebulization ICP-MS. Also, preliminary studies related to new strategies for high spatial resolu-
tion bioimaging of Zn in culture cells will be presented. Moreover, we have developed a quantitative speciation methodology 
by post-column isotopic dilution analysis (IDA)-HPLC-ICP-MS to study the Zn-MTs redox system in human ocular tissues 
(RPE and retina) and in cultured cells (HRPEsv). Quantitative speciation studies showed that Zn is mostly bound to low and 
medium molecular mass proteins in retina, whereas in RPE is mainly associated to low molecular mass proteins. Then, stoi-
chiometric changes of Zn-MTs complex were determined in HRPE cells using inductors of MT proteins. Experimental results 
showed that HRPE cells under induction conditions with exogenous zinc and dexamethasone induced a higher MTs synthesis 
and stoichiometric changes in MTs. 
- Conclusions: The integrated analytical approach developed, based on LA-ICP-MS and HPLC-ICP-MS for the study of hu-
man ocular tissues and culture cells, sheds light on the role of Zn-MTs in AMD disease and paves the way for searching po-
tential therapeutic targets. 
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ABSTRACT: Nowadays, there is a need for suitable methods for the determination of rare earth elements (REE) in many 
matrices. Some analytical techniques have been used for the determination of REE, such as neutron activation analysis 
(NAA), inductively coupled plasma optical emission spectrometry (ICP OES) and inductively coupled plasma mass 
spectrometry (ICP-MS). Despite some advantages, these techniques can present some drawbacks, as the long time for 
analysis and the necessity of using a nuclear reactor (in case of NAA), as well as several spectral interferences common for 
ICP OES. Inductively coupled plasma mass spectrometry can be considered as the most suitable technique for the 
determination of REE, enabling good sensitivity and multielemental capability. The determination of REE by ICP-MS has 
been generally performed using nebulization systems, making necessary the use of high efficiency sample preparation 
methods with low acidity in final digests to minimize interferences. Additionally, it is well known that the digestion of some 
matrices, as e.g. crude oil, is not a simple task, due to the presence of refractory compounds (resins and asphaltenes, thus 
making necessary very frequently the use of time-consuming sample preparation methods. In this sense, a suitable digestion 
efficiency is generally reached if using high amount of acids in closed vessels and high pressure and temperature. However, 
even considering the recent advances in digestion systems some drawbacks still remain. Taking into account the difficulties 
involved in REE determination in crude oil, in this lecture modern methods and trends in sample preparation will be 
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ABSTRACT: Methane catalytic combustion is interesting not only from the practical but also from the cognitive point of 
view, as the mechanism of its oxidation seems still far from being understood. The CH4 molecule is much chemically re-
sistant which originates from the high Td symmetry and a difficult excitation from the ground 
1
A1 state to triply degenerated 
1
T2 state which is accompanied by its splitting and loss of the original symmetry due to Jahn-Teller effect. In the presence of 
catalysts, the C-H activation is claimed to proceed through two possible pathways, running either on the metal or metal ox-
ide centers. The first mechanism distinguishes the heterolytic cleavage of C-H bond in methane molecule, which results in 
the formation of a methyl radical, while the second assumes homolytic breakage by oxygen active species. In this study we 
deal with the mechanism of methane catalytic combustion over structured catalysts. The aim of this paper was to correlate 
the information of the catalyst surface intermediates during the methane combustion reaction investigated by in situ DRIFT 
and catalytic tests. The series of cobalt nanocomposite structured catalysts were obtained by impregnation method from ni-
trate solutions. Prior to the impregnation step, the kanthal steel carriers were precalcined at high temperature and deposited 
with the washcoat layer of γ-Al2O3. The catalyst surface was examined by XRF and in situ µRaman spectroscopy. The me-
thane oxidation over the structured catalyst was tested by in situ DRIFT spectroscopy. The in situ experiments performed 
under methane oxidative and non-oxidative conditions revealed that formates/carbonates are active intermediates in me-
thane catalytic combustion. The kinetic experiments also revealed that palladium doped cobalt catalyst can be considered as 
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ABSTRACT: Biofuels are being considered as an effective alternative energy source due to the limited stock of petroleum 
and the pollution caused by fossil fuels. Bioethanol is one of the most promising renewable energy sources, largely because 
this fuel can reduce the emission of greenhouse gases by up to 85% when compared to petroleum products. The expanded 
use of bioethanol has created a need for methodologies for the quality control of this biofuel. The presence of metals and 
metalloids in bioethanol can cause environmental pollution, health problems and damage in the engines that use it as fuel, 
even when they are present at very low concentrations only. The origin of these contaminants has not been established clear-
ly and they could be incorporated into the biofuel during the production process or storage, but can also be present in the 
biomass employed as raw material. 
Recently, several analytical methodologies based on ICP-OES and ICP-MS, have been developed and employed successfully 
for the determination of the metals in ethanol fuel, which is a mixture of bioethanol and gasoline. However, a limited number 
of studies have focused on the analysis of bioethanol due to the difficulties encountered in carrying out the determination of 
metals in this kind of samples.
1
 Among these difficulties, the most important is the large variety of matrices, containing dif-
ferent organic compounds and variable water contents, thus typically requiring calibration via the method of standard addi-
tions. 
In the present work, accurate and precise analytical methods based on ICP techniques for the quantification of metals and 
metalloids in bioethanol samples have been developed. First, fundamental studies using a total sample consumption system, 
called high-temperature Torch-Integrated Sample Introduction System (hTISIS), have been carried out to remove matrix 
effects at different ethanol-water ratios. Once the matrix effects for different water contents were overcome, external calibra-
tion was applied to quantify major, minor and trace metals present in bioethanol. The methodologies proposed have been 
validated, obtaining acceptable recoveries and other analytical figures of merit. More than 30 real bioethanol samples of 
different origin were analyzed. Certain elements such as Ca, K, Mg and Na were found in the order of hundreds of ng g
-1
 in 
most samples studied, whereas for trace analytes as Cr, Cu, Fe, Mg, Ni or Zn, concentrations below 100 ng g
-1






Metal and metalloid determination in biodiesel and bioethanol, Raquel Sánchez, Carlos Sánchez, Charles-Philippe Liene-
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 Analysis of bioethanol samples through Inductively Coupled Plasma Mass Spectrometry with a total sample consumption 





Feasibility of high resolution continuum source flame molecular 
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ABSTRACT: High-resolution molecular absorption spectrometry (HR-CS MAS) has been developing fast for determination 
of non-metals (S, halogens, P, N), but has never been used for Si determination. The element is routinely determined using 
atomic absorption spectrometry (AAS) and due to refractory character of Si compounds, relatively high atomization temper-
ature is necessary, which is achieved using electrically heated graphite furnace or nitrous oxide - acetylene flame. In this 
work, for the first time, HR-CS MAS has been applied for silicon determination. The SiO molecule, existing in air-acetylene 







Π were registered in 0.25-0.27 nm intervals (about 20 intervals in the range 216-249 nm). The criteria of 
choice of the measurement range were: low level of noise, lack of unnecessary signals overlapping SiO molecule spectrum, 
presence of many high, wide and well separated SiO rotational lines, as well as lack of small, narrow or split SiO lines. To 
achieve the best sensitivity and detectability, the absorbance of some rotational lines was summed up. The number of pixels 
taken for signal evaluation and the baseline approximation mode, as well as the flame conditions, were optimized. The appli-
cation of internal reference was considered. When aspirating xylene solutions, the best characteristic concentration was 0.5 
mg L
-1
 for SiR (hexamethyldisiloxane) and 2.7 mg L
-1
 for SiA (octamehtylcyclotetrasiloxane), while the instrumental detec-
tion limits were 0.3 mg L
-1
 and  1.5 mg L
-1
, respectively. Generally, the noise level for FAAS (nitrous oxide-acetylene flame) 
was lower than for HR-CS MAS (air-acetylene flame). Comparative analysis of series of organic solutions (fuels, biofuels, 
dissolved Si organic species) using HR-CS MAS and FAAS showed no statistical significance of the differences of the results 
obtained using both methods. HR-CS MAS is an attractive alternative to FAAS for Si determination in organic samples at the 
level of mg L
-1
 or higher. Its important advantage is application of ordinary air-acetylene flame, which is less sensitive to the 




















Analysis of liquid samples: a great challenge for LIBS 
Montserrat Hidalgo* 
Department of Analytical Chemistry and Food Science, and University Institute of Materials, University of Ali-
cante, P.O. Box 99, E-03080, Alicante, Spain.  
*montserrat.hidalgo@ua.es
ABSTRACT: Due to the continuous research efforts aimed to improve the analytical performance of LIBS, its use is rapidly 
expanding into broader applications. The ability of LIBS to perform remote analysis, micro-analysis, depth profiling or spa-
tial chemical mapping allows to obtain analytical information of valuable interest in many different fields, such as geology, 
art and cultural heritage, terrorism and defence, planetary exploration, etc. These abilities make LIBS special and distin-
guishable from other, more conventional, instrumental techniques. There is, however, a battery of applications still barely 
covered by LIBS, particularly those requiring the analysis of liquid samples. 
Elemental analysis of liquids, of vital importance in a great number of real word applications, has been traditionally per-
formed by well stablished analytical techniques. In contrast, and mainly due to the comparatively lower quality of the analyt-
ical results and to certain experimental limitations, the use of LIBS to this end has been generally hampered.  
During the latest years, however, the development of early warning analytical systems has become a key issue. The replace-
ment of sophisticated, expensive and slower laboratory instruments with automated and portable analytical system able to 
perform in situ and real time analysis of liquid samples is, nowadays, of special interests in many situations. Some examples 
are the need of a continuous water body pollution monitoring, or the importance of a continuous quality control of food or 
beverages during a manufacturing process.  
The current scenario of Analytical Chemistry has triggered many researchers to go deeper into the possibilities of LIBS 
technique to satisfy these emerging demands. To this end, new and innovative analytical strategies for LIBS measurements of 
liquids are nowadays under study. These include the use of double pulse LIBS, the application of different sample prepara-
tion procedures prior to LIBS analysis (i.e., generation of liquid jets or aerosols, conversion of the liquid matrix into a solid, 
application of extraction procedures, etc.), or the combination of two or several of the mentioned approaches. 
In this lecture, the difficulties of LIBS analysis of liquids will be presented, and an overview of different procedures aimed to 
improve its analytical performance will be given. In particular, the talk will mainly be focused on the possibility to hyphenate 
LIBS detection with modern and easily automatable microextraction methodologies, which can lead to substantial sensitivity 
improvements in LIBS analysis enabling its use for multielemental detection, at trace levels, in liquid matrices. 
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ABSTRACT: Optical breakdown in tridistilled water drops, with and without suspended gold nanoparticles on it, was studied 
by time resolved optical emission spectroscopy, photoacoustic technique and by analyzing the transmittance of the laser 
pulse energy. For the experiments, the size of the drops was varied. Breakdown was induced by Nd:YAG laser pulses of 10 
ns with energy of 100 mJ and duration of 10ns, with two different wavelengths, 532 nm and 1064 nm. In all cases, we found 
that the presence of nanoparticles reduces the probability of plasma formation. In the particular case of ablation of 
tridistilled drops without the presence of gold nanoparticles, a decrease in the size of the drops favors the absorption of the 
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ABSTRACT: Despite to its low detection sensitivity in liquids, Laser Induced Breakdown Spectroscopy still finds a wide-
spread use in rapid, in-situ and simultaneous detection of toxic elements in environmental samples. Due to some problems 
experienced in liquid analysis, much effort has been paid for converting the sample from liquid to solid phase by; freezing 
into ice, use of adsorbent material, enrichment by electro deposition and drying nano-to-micro droplets on various  sub-
strates(1-4). Ele-ment and substrate specific enhancements in detection limits up to an order of magnitude have been ob-
served by several groups. 
Previously, we have shown detecting sub-picogram amount of copper in nanoliters volume of liquid droplets on silicon oxide 
coated silicon wafer substrates. Here, we present dry droplet analysis studies on several silicon wafer based substrates to 
improve the analytical capability of LIBS in liquid droplet analysis. Experiments were performed with a Nd:YAG laser at its 
second harmonic wavelength and an echelle type spectrograph equipped with an ICCD detector was used. Energetic laser 
pulses, focused to a relatively large spot outside the minimum focal point condition, were used to form more stable and ho-
mogeneous plasma and enhancements in the detection limits were achieved. 
Methodology presented is fast and accurate for direct analysis of aqueous samples for environmental monitoring purposes 
and can also be successfully applied to biological samples where the amount of sample size is limited. 
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ABSTRACT: Portable analytical systems, able to provide in-situ and fast analytical information, are currently in high de-
mand. Clear examples of this are the need of early warning systems for monitoring water quality, in order to prevent for po-
tential human or environmental hazards, or the importance of a continuous quality control in a food or drink industry, for a 
rapid identification of chemical contaminants in the products. Conventional analytical systems, even if providing high-
quality analytical information, are usually voluminous laboratory instruments not useful for field-operation. LIBS systems 
have much to offer in this regard due to their portability. However, the lack in sensitivity is a limitation for many potential 
LIBS applications; in special, those involving the monitoring of metal contaminants in liquid samples, which usually have 
regulatory limits well below the ppm level. 
Sample preparation procedures, traditionally tedious and laborious, have advanced considerably in recent years. In particu-
lar, there are nowadays miniaturized, fast and efficient extraction methods with possibilities for automation, which can be 
coupled to LIBS detection to form a fully autonomous, portable and sensitive analytical system. Examples of these new min-
iaturized extraction methodologies are Solid Phase Microextraction (SPME) processes. In SPME, analytes in the liquid 
samples are adsorbed and concentrated on a very small quantity of solid sorbent, which can subsequently analysed by LIBS 
leading to a substantial sensitivity improvement.  
When SPME is to be coupled with LIBS, the choice of an adequate solid sorbent is essential. On the one hand, the extraction 
efficiency of the SPME procedure is highly dependent on the analyte-sorbent affinity and on the solid surface area. On the 
other hand, as already well known, LIBS emission also depends on the physical and chemical properties of the irradiated 
solid.  
In this work, the influence of the solid sorbent on the coupling of SPME with LIBS detection was investigated. To this end, a 
SPME procedure termed Thin Film microextraction (TFME) was used. In TFME, the sorbent is coated on the surface of a 
sheet-like base material, which is then introduced into the liquid sample for extraction of analytes. After extraction, the thin 
sheet is removed from the solution and dried, in order to perform LIBS analysis of the analyte-enriched sorbent. Commercial 
carbon-based screen-printed electrodes were used as coated thin films (i.e. mesoporous carbon, graphene oxide, carbon, Au 
nanoparticles-decorated carbon, Ag nanoparticles-decorated carbon and carbon nanotubes electrodes). Experimental vari-
ables affecting the TFME procedure were optimized in order to obtain maximum LIBS emission. Under optimum conditions, 
analytical figures of merit were evaluated. The obtained results are presented and discussed. 
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ABSTRACT: Solid-phase microextraction (SPME) is an efficient sample preparation strategy for separation and concentra-
tion of analytes from a liquid sample. In SPME; a miniaturized version of the traditional Solid Phase Extraction procedure 
(SPE); analytes in the sample are adsorbed and concentrated on the surface of a small amount of solid material (sorbent). 
After extraction, and depending on the analytical technique to use, the adsorbed analytes are usually eluted by either a sol-
vent or a thermal desorption process, being finally transported to the instrumental system. Due to its simplicity, SPME ap-
pears to be an interesting approach to be combined with LIBS detection for liquid samples analysis. On the one hand, the 
SPME process results in an analyte-enriched solid matrix to be analyzed by LIBS, which solves the typical experimental 
problems associated to the analysis of liquid matrices. On the other hand, analytes in the sorbent can be directly analyzed by 
the LIBS system, therefore avoiding the elution process usually needed when other detection techniques are coupled to 
SPME. 
In this work, a simple and easily automatable modality of SPME, termed Thin Film Microextraction (TFME), was tested as 
sample preparation procedure for LIBS analysis of aqueous samples. In the proposed TFME-LIBS methodology,   glass films 
coated with a sorbent material were used in the extraction step. The so prepared thin films were introduced into the samples 
to analyze, which were agitated to assist the extraction process. After extraction, the analyte-enriched films were analyzed by 
LIBS. Graphene oxide was used as sorbent material, due to its theoretically large surface area available for analyte adsorp-
tion. Initial studies were focused on the optimization of the different experimental parameters affecting the TFME procedure, 
with the aim to maximize both sensitivity and precision in the subsequent LIBS analysis. Under optimum conditions, analyti-
cal figures of merit of the TFME-LIBS method were evaluated. Finally, the procedure was applied to the analysis of real 
aqueous samples. The advantages and limitations of the proposed strategy are presented and discussed. 
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ABSTRACT: Spectrochemical analysis methods are used for forensic analyses of murder, arson, and many other criminal 
cases.  I have studied forensic analysis reports of several criminal cases, and among them the arsenic murder case in 1998 
and an arson cases in 2013 in Japan have been checked in detail.  XRF, ICP-AES, and HG-AAS were used for the arsenic 
murder case, and GC-MS was used for the arson case.  I have found data fabrication in AAS, in such a way that As(III) was 
reported to be 90 ppb in hair of suspect by HG-AAS, but As(III) is not possible to analyze without changing the chemical 
state, when the hair was treated by NaOH.  Also impurity (Se, Sn, Sb, Pb, Bi) concentration ratios of arsenic samples meas-
ured by ICP-AES was multiplied by 1,000,000, and then logarithmic value was plotted in order to show two arsenic evidenc-
es were identical.  This was equivalent to add 6 to a small number.  Thus all the value became quite similar.  This is a falsifi-
cation. XRF was also measured one time for each sample and the statistical deviation was too large to conclude identical, 
but concluded identical although they were from different origins.  GC-MS is quite sensitive for kerosene.  However, the de-
tected MS spectrum of strongly burned place was the spectrum of new kerosene composed of small mass components, i.e. low 
boiling point.  This might be due to a contamination from the standard kerosene sample in the laboratory.   EPMA, XRD, 
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ABSTRACT: Analysis of inks may be important in forensic science, i.e. establishing whether a document is authentic or 
fraudulent or whether written entries come from a common source (same ink formula). This may require identification of the 
manufacturer and the specific formula of the ink. Other fields of interest are the investigation of modern art, design and ar-
chitectural sketches with the purpose of establishing the optimal conservation conditions/treatments or marker pen graffiti  
where removal could be better accomplished when information on their chemical composition is known. Here, investigation 
of different classes of modern inks (permanent markers and felt-tip pens) is illustrated. Since inks are complex and heteroge-
neous systems containing binders, pigments, dyes, solvents, fillers, plasticizers and other types of additives a multi-analytical 
approach is required. Analyses were performed by means of Fourier Transform Infrared (FT-IR) spectroscopy, Pyrolysis-
Gas Chromatography-Mass Spectrometry (Py-GC-MS),Thin Layer Chromatography (TLC), µ-Raman spectroscopy and Sur-
face Enhanced Raman Spectroscopy (SERS). Marker pens of different commercial brands and colors were selected, and felt-
tip pens typically used by modern artists were investigated. In particular,  Faber Castell felt-tip pens employed by the French 
modern artist Anne Flore Cabanis, Johann Faber (Presto Color) used by the Brazilian architect Lina Bo Bardi and other 
artist pens (Stabilo) were studied. The marker pens revealed to contain a wide range of binders comprising not only alkyd, 
and styrene-acrylic polymers, but also phenolic, ketone and polyvinylacetate resins. In the felt-tip pens styrene-acrylic resins 
or natural gums were found. The Raman spectra of the marker inks and Faber Castell pens clearly show the presence of 
phthalocyanine, dioxazine and azo pigments. The Stabilo and Johan Faber inks, instead, contain mixtures of dyes as evi-
denced by TLC. SERS performed on the TLC spots allowed to identify triarylmethane dyes, rhodamine B and tartrazine, 
which are characterised by a very low lightfastness index. The evaluation of fading is very important especially when these 
felt-tip pens are used  for the realisation of sketches, artistic and architectural drawings, and technical designs. Here, spec-





Detection and Mapping of Trace Materials on Surfaces Under Ambi-
ent Conditions using Multiphoton Electron Extraction Spectroscopy 
(MEES) and Comparison to Traditional Spectroscopies 
Valery Bulatov, Anneli Kruve, Daniel Fisher, Shisong Tang, Nataly Vinerot, and Israel Schechter*  
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ABSTRACT: Multiphoton electron extraction spectroscopy (MEES) is a new spectroscopy in which UV laser pulses are uti-
lized for extracting electrons from solid surfaces in multiphoton processes under ambient conditions. Counting the emitted 
electrons as a function of laser wavelength results in detailed spectral features, which can be used for material identifica-
tion. MEES has been compared to traditional optical spectroscopies, and the results indicate that its analytical information 
contents is higher and its sensitivity is comparable to fluorescence (however, it is not limited to fluorescing compounds). The 
method has been applied to detection of trace compounds on a variety of surfaces. It has been tested for trace explosives, 
drugs, pesticides, PAHs, and many other materials. The analytical LODs are in the sub pmole range, which indicates that 
MEES is one of the most sensitive detection methods for solid surface under ambient conditions. Scanning the surface with 
the laser allows for its imaging, such that explosives (as well as other materials) can be located. The imaging mode is also 
useful in forensic applications, such as detection of drugs in human fingerprints and in environmental applications such as 
estimating the coverage of pesticides on plants.  
References:  
[1] S. Tang, N. Vinerot, D. Fisher, V. Bulatov, Y. Yavetz-Chen and I. Schechter, Detection and mapping of trace explosives 
on surfaces under ambient conditions using multiphoton electron extraction spectroscopy (MEES). Talanta 155 (2016) 235–
244. 
[2[ S. Tang, N. Vinerot, V. Bulatov,Y. Yavetz-Chen and I. Schechter, Multiphoton Electron Extraction Spectroscopy (MEES) 
and its comparison to other spectroscopies for direct detection of solids under ambient conditions. Anal. Bioanal. Chem., 
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Separation of Overlapping Latent Fingerprint using Laser-Induced 
Breakdown Spectroscopy Combined with Multivariate Analysis 
 
Jun-Ho Yang and Jack J. Yoh*  
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ABSTRACT: This paper presents an attempt to chemically separate the overlapping latent fingerprint using multivariate data 
analysis. More than 1 million LIBS spectra in Regions I,II,III are stored in the x-y coordinate system for generating two 
dimensional chemical distribution. The main emission lines of high signal-to-noise ratio (SNR) such as Fe, Al, Mg, Na, Ca, 
and K are used in the principal component analysis (PCA) for initial clustering of two fingerprints of different individuals. 
Then the classification via SIMCA (Soft-Independent Modeling Classification Analogy) and PLS-DA (Partial Least-Square 
Discriminant Analysis)) is applied to the same x-y positions in the overlapped Region III for reconstruction of each 
fingerprint, namely Region I and II as shown in the figure C. The resulting classification retains an accuracy of 90 % for 
SIMCA and 96.66 % for PLS-DA. Therefore, one can expect to reliably separate the overlapping fingerprint images obtained 
from the LIBS spectra from a two-dimensional aluminum plate. 
 
  





Analysis techniques for multicomponent samples in forensic fields 
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ABSTRACT: Most forensic analyses focus on identification, description and comparison of virtually any phase that may 
come in contact with humans or objects. In general, forensic laboratories would handle both natural materials as well as any 
materials resulting from human activity. As regards inorganic materials, laboratories most often combine the SEM / EDS / 
WDS / EBSD / CL methods with optical microscopy in transmitted and reflected light and fluorescence, XRF / mXRF, Raman 
spectroscopy/FTIR, XRD / mXRD, and others. It is important to note that the methods are by large non-destructive and the 
samples examined therefore retain their full value for further evidencing of the case. 
- Methodology: In forensic analysis, is often encountered a multi-component samples, which may often require special tech-
niques to confirm presence of some of their components. In the case described below, this concerned identification of bis-
muth, which was used rather unconventionally in the red layer of polychrome under gilding and silvering layers on an altar 
in the Krivoklat Castle chapel (around 1480-1490) in the region of Central Bohemia, the Czech Republic. The use of bismuth 
was documented by the X-ray fluorescence method. This surprising result led to a complex research of the altar, focusing on 
the layered structure and the method by which bismuth was applied to the metal-coated fields. For the overall screening of 
the target sample, the optical microscopy was used, followed by SEM techniques and mapping of individual elements. More-
over, they performed a phase analysis by XRD micro-diffraction, which allows an analysis from area approximately 100µm 
and enables for identification of a similar objects as other microscopic methods. It can be also used to analyse individual 
grains of pigments in the colour layer. The XRD technique becomes an irreplaceable one especially in cases when it is nec-
essary to interpret phases which are indistinguishable by the chemical analysis. For an accurate determination of the sur-
face to be analysed, is used an image analysis, where they transfer the XRD spot of the primary beam to an overlay image 
and the image from the sample in the live image. They can therefore adjust heterogeneous samples very precisely. To fasten 
microfragments, is used a special diffraction zero background mono-crystalline silicon plate, which was cut in orientation 
(100). To verify the presence of exotic Bi phase, was used another independent technique -  the orthogonal TOF-SIMS FIB. 
Systems of time-of-flight secondary ion mass spectroscopy (TOF-SIMS) represent a new potential in forensic electron mi-
croscopy. These systems are now available as attachments to dual SEM / FIB. Compact extraction orthogonal time-of-flight 
instrument with a 0.5 m nominal drift length, including the reflectron was used. For the analysis, was selected a part of the 
scanned area (10,0 x 10.0 µm) and the primary ion beam energy was 500 pA. The 3D volume element mapping was per-
formed. In the detailed TOF-SIMS mass spectrum was identified peak Bi (mass 209) and limits of integration.  
- Conclusions: The methods selected are complementary to the standardones and allow for verification of analytical findings 
by other, in principle independent, methods. This is especially important in the forensic science, since the experts´ findings 
and conclusions are often used by the law enforcement bodies in their determination of guilt and related criminal sentence. 
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ABSTRACT: Hydride generation (HG) involves separation from the sample matrix and high efficiency analyte transfer from 
the sample to the spectrometer. In addition, it makes analyte preconcentration easy. All these factors result in a superior 
sensitivity. HG is therefore ideally suited for trace and ultratrace element and speciation analysis of hydride forming 
elements. Consequently, atomic absorption (AAS) or atomic fluorescence spectrometry (AFS) with HG can substitute or even 
surpass conventional approaches to element and speciation analysis based on the liquid phase sampling inductively coupled 
plasma mass spectrometry which generally serves as a trademark of unparalleled sensitivity. To make use of the full 
potential of HG-AAS(AFS) the final step of the whole procedure, hydride atomization, has to be optimized. Hydride  
atomization in the most often employed atomizers, quartz tubes and flames, proceeds via analyte interaction with hydrogen 
radicals (H radicals). Moreover, free analyte atoms are stable only in the presence of an excess of H radicals so that the 
distribution of H radicals in an atomizer controls the distribution of free analyte atoms and, consequently, the observed AAS 
or AFS signals. Therefore, the best way to optimize the atomization step is to establish how the relevant operation 
parameters influence the distribution of H radicals.  
There is a way to quantify H radical distribution in hydride atomizers -  two photon absorption laser induced fluorescence 
(TALIF). The other approach to quantify distribution of not only of H radicals but also of all species in atomizers is a 
numerical model of the gas dynamics, chemical reactions and heat transfer within the atomizers.  The gas dynamics model is 
based on solving Navier-Stokes equations self-consistently with diffusion equations for individual components. It captures 
the complex three dimensional gas flow pattern in atomizers, mixing of the gases with ambient air outside of atomizers as 
well as potential back-diffusion of air into atomizers. The chemistry model provides spatial distribution of concentrations of 
a number of species involved in the atomization process. As an example, determination of H radical distributions in two 
different hydride atomizers, an externally heated quartz tube and a dielectric barrier discharge, under various relevant 
experimental parameters will be demonstrated. The determined H radical distributions will be compared with results of the 
numerical model. The satisfactory agreement of the results of the both approaches, TALIF experiments and numerical model, 
will be discussed. Outlooks of this exciting approach to atomizer optimization and to further investigation of mechanism of 
hydride atomization will be outlined. 
 
This work was supported by Czech Science Foundation (P206/17-04329S), Institute of Analytical Chemistry of the CAS, v. v. 
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ABSTRACT: The determination of inorganic anions by gas chromatography relies on derivatization chemistries able to con-
vert the analytes in stable and volatile species. Triethyloxonium (Et3O
+
) salts have been applied to react – in aqueous medi-
um – halides, cyanide, thiocyanate, sulfate, nitrite, and nitrate in the corresponding alkyl-derivatives: EtF, EtCl, EtBr, EtI, 
EtCN, EtSCN, Et2S, EtONO, and EtONO2. Such compounds are volatile and readily separated from the matrix under gase-
ous form. This key-feature of the method results in baseline clean chromatography even for complex matrices such as biolog-
ical fluids, seawater, and food extracts. Samples require little preparation and derivatization is achieved at room tempera-








 solution could also be pre-
pared and stored in acetonitrile at −20 °C. The method has found applications for the measurement of halides in natural 
waters, nitrite and nitrate in seawater, thiocyanate in saliva, nitrate in leafy vegetables. Despite the method offering poten-
tial for quantitation at the part-per-billion level, each application was optimized for the expected analyte level in the matrix 




 in seawater, in the mM range for both 
SCN
-
 in saliva and NO3
-
 in vegetable extracts with chromatographic runs of 1.8 min for this last case. The use of the method 
in conjunction with isotope dilution calibration allowed SI-traceable measurements with precision at percent level. The 
method is simple to implement and can resolve matrices that are usually difficult for classic methods like ion chromatog-
raphy. For these reason this method has the potential for becoming a reference for the determination of inorganic ions and 





Dielectric Barrier Discharge Atomizers of Volatile Species 
for Atomic Spectrometry: Applications and Mechanisms 
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Some elements, including those highly important from the toxicological or biological point of view, can be con-
verted to volatile compounds prior spectrometric detection employing volatile species generation (VSG). VSG 
enhances sample introduction efficiency into spectrometric detector and thus improves detection limits and re-
duces risk of interferences. Chemical generation of hydrides (HG) is the most common approach to VSG, where-
as atomic absorption spectrometry (AAS) with externally heated quartz tube atomizers (QTA) is the most frequent 
detector. Recently, various applications of miniature atmospheric plasma devices based on dielectric barrier 
discharges (DBD) to atomic spectrometry have been reported. In connection with VSG, DBDs are usually used as 
atomizers in AAS and atomic fluorescence spectrometry (AFS), excitation devices in atomic emission spectrome-
try (AES), but they may serve even to generate the volatile species. The aim of this work was to i) find optimum 
atomization conditions for selected volatile species in a DBD atomizer using AAS as a detector, ii) compare the 
performance of DBD atomizers to QTAs, iii) study the possibility of in-situ preconcentration of volatile species in 
DBDs and iv) investigate atomization mechanism of volatile species in DBDs. 
Atomization of six hydride forming elements (As, Se, Sb, Bi, Pb and Sn) as well as of two other volatile species of 
Ag and Ni, generated chemically or photochemically, has been optimized in detail using a planar configuration of 
DBD atomizer with AAS detection. Subsequently, the performance of the novel DBD atomizer was compared to 
that of the routine QTA in terms of detection limits, resistance to interferences, etc. A simple in-situ 
preconcentration procedure of volatile species in the DBD was developed and optimized when the trapping and 
volatilization processes are controlled only by a presence and absence of oxygen in the discharge gas, respective-
ly. Preconcentration efficiency of 100 % was observed for As and Sb allowing decreasing the detection limit to 
0.01 and 0.02 ng mL
-1
, respectively, employing 300 s preconcentration period. In-situ preconcentration of Se in a 
DBD was studied by means of 
75
Se radioactive indicator to find spatial distribution of trapped selenium species 
and quantify the capacity of the DBD to trap and release Se species. Mechanism of volatile species atomization in 
the DBD was explored. The role of hydrogen radicals during atomization in a DBD was found to be crucial. 
The DBD atomizers have been found to be the promising alternative to QTAs. In-situ preconcentration in DBDs 
opens a way to extremely low detection limits. Mechanism of atomization has been partly understood. 
 
This work was supported by the Czech Science Foundation (project no. P206/14-23532S and P206/17-04329S) 
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ABSTRACT: Chemical hydride generation (HG) is a popular sample introduction technique in analytical atomic spectrome-
try. It is based on the reaction of analyte (arsenic species) with tetrahydridoborate(1–) (THB) in acidic media. Products of 
this reaction are volatile arsanes. Only corresponding volatile arsanes were assumed to be the products of this reaction [i.e. 
AsH3 from arsenite and arsenate, CH3AsH2 from monomethylarsonate (MAs
V
), (CH3)2AsH from dimethylarsinate (DMAs
V
), 
and (CH3)3As from trimethylarsine oxide (TMAs
V







O were observed using a batch hydride generator with a cryogenic trap connected to an atomic fluorescence 






O was clearly found during HG in the media 
of hydrochloric, perchloric, and sulfuric acid, while HG in the medium of acetic acid or TRIS buffer (with or without 
prereduction with L-cysteine) lead to formation of corresponding arsanes only. An interesting situation was observed with 




 only corresponding arsanes were observed, while in the case of TMAs
V
O de-
methylation was observed again. The extent of demethylation strongly depends on the concentration of acid and THB. By 
partial hydrolysis of THB with acid the demethylation effect can be almost completely suppressed. It appears that the de-
methylation is due to the action of first and second hydrolytic products of THB. This behavior can jeopardize accuracy of 
arsenic speciation analysis based on generation of substituted hydrides which has been used in some toxicological studies. 
[1] On the other hand, the ability to cleave As–C bond can be used for HG of more complicated arsenic species - arseno-
sugars (dimethylarsinoylribosides). Two hydride generators were tested for this purpose: batch, and flow injection. Our pre-
liminary results suggest that it is much easier to generate arsanes from the arsenosugar (phosphate-ribose) in the batch gen-
erator, with the maximum HG efficiency of 68 ± 1%, than in the flow injection mode (29 ± 3%). The hydride generator in the 
flow mode can be however simply used for arsenic speciation in algae by postcolumn hydride generation approach and de-
tection by AFS. With the help of arsenic speciation in water extract of algae determined by HPLC–ICP-MS we estimated the 
hydride generation efficiency of four major arsenosugars, which can be found in algae (glycerol, phosphate, sulfate and sul-
fonate) as 13 ± 1%, 28 ± 2%, 31 ± 3%, and 17 ± 1%, respectively. The limits of detection of HPLC-HG-AFS were estimated 
as 0.101, 0.024, 0.032, and 0.048 µg/g, for glycerol, phosphate, sulfate and sulfonate arsenosugar, respectively. 
REFERENCES: [1] K. Marschner, S. Musil, J. Dědina, Anal. Chem. 88 (2016), 6366–6373. 
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Pulsed Laser Ablation in Liquids as Digestion Method for 
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ABSTRACT: In instrumental analysis there is a variety of different analytical methods, which can be used depending on the 
corresponding analytical task. However, especially in case of solids analysis without sample preparation / - digestion, the 
most suitable of these validatable methods are worthless. As most systems handle with liquid samples, a time consuming di-
gestion is often unavoidable. The system used in this study, the Inductively Coupled Plasma Optical Emission Spectroscopy 
(ICP-OES), requires the input of liquid or gaseous samples.  
The laser ablation into the gas phase is an already known entry method for spectroscopic methods (e.g. LA- ICP-MS) for 
solid samples and particles in gases, respectively.  
The new approach of this study is to investigate, whether the laser ablation into liquids is a useful sample preparation tech-
nique. Therefore, a technique, which is recently used to produce nano particles for catalytic purposes, is taken into focus as 
sample introduction / preparation technique. We investigated first time, if this method is a universal approach to transform 
solids into Nano-suspension samples representatively. The resulting nanoparticle suspensions can be used as a fast and easy 
alternative, for time- and resource-saving digestion method for ICP-OES. 
This PLAL-sample introduction Technique (Pulsed Laser Ablation into Liquids) produces an analytical sample representa-
tive solution, which allows analysis of solid samples. In opposite to classical Laser ablation into (Ar) gas phase, the ablation 
process can be timely and locally separated from the analytical instrument. 
 This study focused on following questions: Can the method of laser ablation into liquids using a flow cell be used as an al-
ternative to a traditional chemical digestion? Is there a correlation between composition and concentration of the resulting 
nanoparticle suspension with conventional analysis of solids? Which conclusions can be drawn towards the chemical com-





 Correlation between Gas Temperature and Atomization Behavior of 
Analyte Elements in Flame Atomic Absorption Spectrometry Esti-
mated with a Multi-Wavelength High-resolution Spectrometer. 
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ABSTRACT: In flame atomic absorption spectrometry, the gas temperature for air-acetylene and nitrous oxide–acetylene 
flames was estimated based on a two-line method by using a simultaneous multi-wavelength spectrometer, on which a line 
pair of ruthenium having different excitation energies was measured at the same time. The atomization behavior of iron and 
ruthenium, which could be deduced from a variation in their absorption signals, was considered to be dependent not only on 
the gas temperature but on reducing atmosphere of the flame gas.  The nitrous oxide - acetylene flame was more suitable for 
the simultaneous measurement because a boarder optical path having a constant and higher temperature was obtained  
Flame atomic absorption spectrometry (FAAS), which is suitable for quantification of elements in solution samples, is exten-
sively employed in various application fields: for instance, metal, chemical and food industries, biological samples, and en-
vironmental assessment.  Recently, a new-type apparatus for AAS was commercialized and began to be employed, where a 
spectrometer system comprised a xenon-lamp continuum light source and an Echelle-type spectrograph to conduct a sequen-
tial multi-wavelength detection, thus enabling a simultaneous measurement of several absorption lines over a certain wave-
length range.  Due to its performance, a measurement for the two-line method can be easily conducted, where two absorp-
tion lines having closer wavelength values are simultaneously measured and then the gas temperature can be calculated 
from their absorbances. 
In this study, the gas temperature of chemical flames for FAAS was in-situ estimated with a two-line method when an air - 
acetylene and a nitrous oxide - acetylene flame were employed as the atomization source [1].  A line pair of ruthenium, Ru I 
372.692 nm and Ru I 372.803 nm having different excitation energies, was applied to the measurement of the gas tempera-
ture.  The atomization behavior of iron and ruthenium, whose oxides had different thermodynamic properties, was investi-
gated using the gas temperature. The fuel/oxidant ratio of both the flames as well as the height of the optical path was varied 
as an experimental parameter.  In the nitrous oxide - acetylene rather than the air - acetylene flame, a boarder optical path 
having a constant/higher temperature was obtained, contributing to formation of analyte atoms with a stable atomization 
efficiency and thus applicable to the actual analysis in FAAS.  
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ABSTRACT: Like for any analytical technique, LIBS measurements involve many experimental parameters which can be 
categorized in two groups. The first one includes instrumental parameters, i.e. those that one is led to select when designing 
a LIBS system, related to the laser (wavelength, pulse duration, repetition rate), the beam focusing optical system, the plas-
ma light collection setup, the spectrometer and the detector. The second group encompasses parameters of the measurement, 
i.e. the ones the user has to adjust when analyzing a sample: pulse energy, lens-to-sample distance (LTSD), number of laser 
shots, nature and pressure of the ambient medium, time gate delay and width of the detection system. Among all those pa-
rameters, it is important to underline that only that of laser ablation can be freely chosen by the user. All other ones are 
driven by the sample nature and by the plasma properties. Another important thing is that in general, parameters are cou-
pled and non-linearly influence the LIBS signal. As an example, the optimum gate delay for maximum signal-to-noise ratio 
depends on the pulse energy, and the signal-to-noise ratio is not linear with the gate delay. Therefore, optimization of a LIBS 
measurement is not straightforward, and parametric studies often implemented are not sufficient to take into account those 
coupling and non-linearities. Finally, the optimization also depends on the analytical objective and must consider the con-
straints of the application. 
Experimental designs are efficient tools for screening and optimization of influent parameters of a measurement, using a 
minimum number of experimental trials. Although they are broadly used in many fields of analytical chemistry, they are not 
so widespread in the LIBS community. In this talk, we will first review the applications of experimental designs in LIBS, gen-
erally focused on empirical optimization of an analytical response. Then, we will show how experimental designs can be 
useful to address other issues such as the investigation of the relationship between physical and analytical features of the 





Support vector machines for the classification and quantification of 
borosilicate glass samples using Laser Induced Breakdown          
Spectroscopy (LIBS) 
Praveen Devangad*, V.K. Unnikrishnan, M. Yogesha, M. M. Tamboli, K. M. Muhammed Shameem 
and C. Santhosh    
Department of Atomic and Molecular Physics, Manipal University, Manipal-576104, India  
*praveen17dev@gmail.com
ABSTRACT: Laser Induced Breakdown Spectroscopy (LIBS) system has been used to classify and quantify the borosilicate 
glass samples. Q-switched Nd:YAG laser has been used to record fifteen LIBS spectra from  each borosilicate glass sample 
at ambient conditions. The samples used here are similar to the matrix of simulated nuclear waste where Mn concentration 
is varying from 0.77 to 11.61 wt%. Three different wavelength regions of the LIBS spectra have been investigated to carry 
out the classification and quantification. Advanced statistical tool such as support vector machines have been employed and 
the best classification has been observed in all the three regions including the location with minimum number of Mn lines. 
The recorded spectra were divided into training set and test set. The calibration curve obtained for training set using support 
vector regression (SVR) with 10 segment cross validation provided R
2
 close to 1. Further, root mean square error of calibra-
tion (RMSEC) was found to be 0.50 wt% for training set. The performance of the calibration curve was investigated for the 
unknown spectra as well. The results presented here demonstrate the use of such advanced statistical tools for the future 
applications in nuclear waste management using LIBS technology.       
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Likelihood based Compressive Spectrum Processing for Classifica-
tion of Same-base Alloys by Laser-induced Breakdown Spectroscopy 
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ABSTRACT: In this study, a novel spectrum processing scheme is proposed for alloy classifications by laser-induced break-
down spectroscopy (LIBS). LIBS shows potential for fast and accurate identification of the material by examining the emis-
sion spectrum peaks associated with the containing elements. However, conventional peak based approach may show limited 
performance when the test classes share core elements, like alloys of the same base. In order to enhance performance of the 
same-base alloy classification, likelihood based scheme is proposed in this study. The set of candidate wavelengths are se-
lected by the smallest cross-over error rate with the Gaussian fitted empirical probabilities or likelihoods, and the set of 
most influential combination is extracted sequentially by examining the conditional mutual information measure. In this way, 
the selected a few wavelengths contain more information for classification than the conventional dominant peaks associated 
with the core elements, and, consequently, the classification accuracy can be improved even for same-base alloys. Note that 
the proposed spectrum processing is compressive since only small part of the spectrum is used for accurate classification. 
The proposed scheme is evaluated with 700 LIBS captured spectra, evenly from 6 NIST’s standard reference materials 
(SRM) of copper base alloys, SRM-1107, 1110 ~ 1114, and a Brammer Standard’s BS110B. Based on the likelihood analy-
sis, 10 wavelengths are selected out of 12,288 points of 187 ~ 1,045 nm range as illustrated by the red triangles in Fig. 1 (a), 
which differ from the conventional peak locations denoted with blue circles. Classification accuracies are evaluated with the 
10 wavelengths of the 700 spectra by the principal component analysis (PCA) and linear discriminant analysis (LDA), which 
are repeated 100 times with randomly assigned 90% training and 10% testing sets. The resulting classification accuracy of 
the proposed scheme is 96.53 %, which outperforms the results with the 10 main peaks showing 86.84% and the 12,288 full 
points showing 90.19%. The classification accuracy variation as a function of no. of selected wavelengths are plotted in Fig. 
1 (b). As discussed, the edges of the minor peaks selected in the proposed scheme contain more information for the same-
base alloy classification than the main peaks in information theoretic sense, which enables the proposed likelihood based 
scheme to achieve improved classification accuracy with a few wavelength points or compressed partial spectra.  
                                              
Fig. 1. LIBS captured spectrum of SRM-1107 copper base alloy with the proposed wavelengths in red triangles and main 
peaks in blue circles (a) and classification accuracies as a function of no. of selected wavelengths (b).  
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ABSTRACT: Illicit diversion and use of nuclear and radiological materials (NRM) has been on the rise since the fall of the 
Soviet Union. Trafficking of NRM and high level nuclear wastes in concealed form (in vitrified glass, mixed with powders 
and even dissolved in liquids) by terrorist groups for malicious intentions such as making radiological dispersal devices and 
improvised nuclear devices requires to be timely detected. There is therefore need to fully interrogate every step in the nu-
clear fuel cycle to publish every new detected signature generated and create a reference database for use in nuclear foren-
sics investigations and attribution. As such, compared to existing classical methods that are invasive, destructive and require 
sizeable sample and tedious sample preparations (dissolution digestion and separation of matrix that would generate more 
radioactive wastes that require specific procedures for disposal or proper storage),  more rapid state-of-the art techniques 
are desirable. Laser induced breakdown spectroscopy is one of such technique. As it overcomes such limitations and is par-
ticularly useful in analysis in radioactive environments due to its stand-off analysis capability. We investigated LIBS for di-
rect rapid analysis of nuclear fission products in the context of nuclear forensics. The goal of this work was to develop mod-
els for qualitative and quantitative detection of FP in high level nuclear wastes. Vitrified glass was simulated by preparing 
fused glass beads spiked with nuclear fission products (FP) (Y, Rb, Sr and Zr) (at concentrations typical to their occurrence 
in spent nuclear fuel). The fused glass beads were analyzed by feature selection peak-free LIBS utilizing an artificial neural 
network (ANN) multivariate quantitative model developed for the task. Classical LIBS suffers from high detection limits and 
the limitation of peaks from low concentration elements getting buried in the background continuum. Model pellet and liquid 
forms of high level nuclear waste were also prepared and similarly analyzed. A comparison was made between different neu-
ral network architectures namely; cascade correlation (newcf) and feed forward back propagation (newff) algorithms to 
realize the best performing architecture for quantitative analysis. Results show that newff algorithm performs better: The 
relative error of prediction (REP) was found to be < 15%. Model performance was best for liquid samples (REP=3.8%) as 
opposed to pellet and glass beads. The corresponding explained variance (R
2
) were above 95% for most of the models devel-
oped. The detection limit for liquid samples was 6 - 8 ppm, 20 - 100 ppm for pellet and >100ppm for fused glass. Support 
vector machine was used to successfully discriminate the samples based on the contribution of the FP. This has a signifi-
cance in attribution since occurrence of this FP in specific amounts and pattern could infer source provenance. The two ana-
lytical models (trace quantitative and qualitative multivariate exploratory) can be embedded into the software interfaces of 
portable/handheld LIBS systems and assist rapid analysis and detection of fission products in materials whose origin is sus-
pected to be from the back end of the nuclear fuel cycle or to perform proliferation/safeguards monitoring of FP in the envi-
ronment as a result of nuclear activity. For liquids only 2µl is required as a coat on a suitable substrate while for solid 
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ABSTRACT: Laser-induced Breakdown Spectroscopy (LIBS) together with conditional analysis methodology was applied for 
the first time to a solid Au-bearing ore with the purpose of exploring its application as an in situ and online monitoring tech-
nique for the precious metal mining industry. Au-bearing ores and surrogates samples with a gold concentration varying 
from 0.5 to 35.1 µg/g and 0-375 µg/g, respectively, were prepared as pressed pellets and analyzed with a conventional LIBS 
setup that included a 1064 nm Nd:YAG laser, a Czerny-Turner spectrograph, an ICCD camera and an optical setup config-
ured to collect the plasma light in backscatter mode. 100-single shot spectra of ore samples did not present Au emission sig-
nals. Contrary, surrogate samples presented Au signals that yielded Au detection limits of 1.1 µg/g. Evidence that increasing 
the number of sampling pulses over the ore samples increased the number of single shot spectra containing Au emission 
lines, as well as the fact that scanning electron microscopy of ore samples showed that gold was present as discrete and 
sparse entities in ores, suggested that during ore analysis the frequency for successful Au detection was low. Assuming that 
LIBS sampling rates for Au particles follow a Poisson distribution, LIBS particle sampling rates were calculated for Au con-
centrations of 1.1µg/g and 10.0 µg/g as 0.04% and 0.32%, respectively. These low sampling rates justified the use of condi-
tional analysis to detect Au in ores. The application of Monte Carlo simulations to conditional analysis indicated that around 
100 gold-containing particles should be sampled to accurately represent the discrete nature of gold in the ore. Despite the 
large number of laser shots (more than 10 
5
) needed to sample 100 gold-containing particles, Au measurement at concentra-
tions as low as 1 µg/g was achieved after application of conditional analysis to ore samples that withstood a total of 5000 
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ABSTRACT: Cancer refers to a class of diseases that is triggered by abnormal cell growth in one organ with the potential to 
spread other parts of the body. Despite numerous research and development efforts, cancer remains a challenging disease to 
diagnose and treat. Worldwide, it is the second leading cause of death and was responsible for nearly 1 in 6 deaths, or 8.8 
million deaths, in 2015. Early diagnosis is crucial to increase the survival rate and quality of life of cancer patients. Thus, 
developing non-invasive screening methods would represent a major advance towards large scale screening and prevention 
of asymptomatic tumors such as Epithelian Ovarian Cancer (EOC) and other types of cancer. By combining femtosecond 
LIBS with unsupervised classification techniques, we have shown that it is possible to discriminate blood samples extracted 
from healthy and diseased mice with an accuracy that approaches 80%. We will present our most recent results and in par-
ticular will report on the effects of various substrates on which LIBS measurements are performed on the classification accu-




ICPMS-Based Quantitative Analysis of Glyco-PTMs via Metabolism-
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ABSTRACT: Protein glycosylation, one of the most important and extensive post translational modifications (PTMS) of pro-
teins, have been a research hotspot in the past several decades
 [1,2]
. Although it is well acknowledged that the protein glyco-
sylation are playing an important role in cell-cell interactions, related tumor metastasis processes and many other human 
health and diseases, acquisition of their quantitative information has yet been a challenge to date. Because of their nongene-
coded complicated structures with various linkages, lower ionization efficiencies in molecular mass spectroscopy and heavy 
matrix disturbance, it is still a challenge to quantitatively analyze protein glycosylation using commonly used lectin-based 
methods and MALDI/ESI techniques
[3]
.  In our latest report
[4]
, we developed an ICPMS-based glycoengineering strategies, 
for the first time, to visualize and quantify the cell surface sialic acids (Sias) that is one of the most important glycosylation 
PTMs. Using Ac4ManNAz as the sugar substrate that can be metabolically transformed and biospecifically incorporated as 
the cell surface terminal Sias, which could be labeled/tagged with fluorescence- and/or lanthanide-tags via copper free click 
reaction to realize imaging and quantification of cell surface sialic acids using confocal laser scanning microscope (CLSM) 
and ICPMS. Based on this method, we could obtain qualitative profiling and quantitative information of the Sias on the cell 
surface at the same time with the limit of detection down to 8.9 fmol. In order to push such a strategy forward to quantify 
more monosaccharides in a more complicated glycan chain structure for understanding their corresponding biological roles, 
we are now designing and synthesizing more noncanonical analogues of monosaccharide substrates and corresponding lan-
thanide-tags. We expect to simultaneously obtain the quantitative information on more monosaccharides in the glycan chain 
structure using ICPMS. 
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ABSTRACT: Heart failure (HF) is a complex clinical syndrome caused by a wide range of cardiovascular disorders, such as 
structural or functional abnormalities of the heart. The clinical status of a HF patient can be evaluated by detecting specific 
biomarkers of pathogenic biological processes. Beside conventional clinical investigations, oral fluid analysis have been 
recognized as one of the most effective, easy, painless and non-invasive ways of identifying physiological and pathophysio-
logical conditions. This study was focused on the development and validation of analytical methods based on UHPLC-
MS/MS, spectrophotometric and immunochemical techniques to determine specific salivary biomarkers. Tumor necrosis fac-
tor-α, interleukin-10, 8-iso-prostaglandin F2α, uric acid, aldosterone, α-amylase, lactate and cortisol in oral fluid samples 
were determined. Special attention was paid to the optimization of the sampling procedures and sample handling. Each bi-
omarker is representative of a pathological condition occurring with the HF syndrome, so that abnormal levels of these mol-
ecules could be associated with the severity and progression of the disease. The methods were then used in the framework of 
the H2020 HEARTEN Project and to support the development of specific biosensors able to anticipate critical exacerbation 
episodes by rising an alarm in hospital information systems remotely connected by an mHealth application.       
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ABSTRACT: The natural occurrence in rocks, soil and water may result in the presence of toxic elements in the raw materi-
als used to produce cosmetics, especially in mineral pigments.
1
 The frequent use of cosmetics may expose consumers to toxic 
elements and, consequently, to result in localized skin problems and/or systemic effects. Several regulatory institutions have 
recently restricted or prohibited the use of toxic and potentially toxic elements in cosmetics.
 2-4
 Among these elements, cad-
mium and lead are considered of particular importance due to their toxic effects and the determination of these elements in 
cosmetics is still a challenge considering the complexity of these matrices. Special attention should be given to cosmetics 
used on body regions where absorption of potentially toxic elements may be more significant, such as lipsticks.
 
Many analyt-
ical techniques have been used to determine Cd and Pb in lipstick,
 
and digestion methods using mixtures containing concen-
trated nitric and hydrofluoric acid are commonly used for sample digestion.
5-7
 However, the use of HF may cause damages 
in sample introduction systems of some equipment. Furthermore, HF has high toxicity and may cause interferences during 
determination step.
8
 There are a few studies evaluating the use of other complexing acids in substitution to HF for lipstick 
digestion. In the present work, the use of complexing acids (HF and HCl) combined with HNO3 was evaluated for the diges-
tion of commercial lipsticks and further Cd and Pb determination by inductively coupled plasma mass spectrometry (ICP-
MS). Creamy (red), opaque (brown, coral, pink, purple, red) and shimmering (brown) lipsticks produced in São Paulo state, 
Brazil, were homogenized in a water bath at 70 °C for 20 min. Lipstick samples (500 mg) were digested in closed vessels 
using HNO3 (6 mL) or a mixture containing HNO3 and HCl (2 or 0.5 mL) or HNO3 and HF (2 or 0.5 mL). Digestion was 
carried out using a microwave oven (Multiwave 3000
TM
, Anton Paar, Austria), and the applied microwave heating program 







using an inductively coupled plasma mass spectrometer (Elan DRC II, PerkinElmer - SCIEX, Canada). The results indicate 
that complexing acids are essential for subsequent determination of Pb in shimmering lipsticks. However, it was possible to 
obtain suitable recoveries for Pb by using HNO3 combined with only 0.5 mL of HCl. Using this condition, recoveries for Cd 
and Pb were between 95 and 103% in all types of evaluated lipstick. Moreover, the use of HCl avoids the use of HF during 
the lipstick digestion and the occurrence of interferences during the determination step. The limits of detection were 2.6 and 
76.7 ng g
-1
 for Cd and Pb, respectively. The concentration of Pb in the evaluated samples ranged in a wide range (270 to 
2246 ng g
-1
), and the highest concentration was observed in opaque lipsticks, especially in coral and pink lipsticks. In addi-
tion, Cd was only detected in opaque lipsticks (31 ng g
-1
 in pink lipstick and 6.78 ng g
-1
 in brown lipstick), which have a sig-
nificant amount of white pigments. The higher concentration of Cd and Pb in opaque lipstick may be associated with the use 
of high amounts of titanium dioxide in this type of lipstick.   
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The use of X-ray fluorescence and FTIR microspectroscopy for 
the highly spatially resolved analysis of elemental and biochemi-
cal changes occurring in the hippocampal formation during 
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ABSTRACT: Epilepsy is one of the most common serious neurological disorder [1]. According to WHO data, Europe has 
been estimated to have 6 million patients with active epilepsy, and the annual European health costs associated with epilepsy 
are over 20 billion of euros [2]. The most extreme form of the disease is status epilepticus (SE) and the incidence of SE 
shows a bimodal age distribution with peaks in children less than a year of age and the elderly [3-5]. However, both the in-
cidence and recurrence of seizures is the highest in paediatric population [3-4].  
Age-dependent susceptibility to epileptic seizures may reflect biomolecular changes occurring in the brain during postnatal 
development. Therefore, in this study, the elemental and biochemical changes taking place during the brain development in 
the area involved in the pathogenesis and progress of epilepsy as well as undergoing neurodegenerative changes as a result 
of seizures (hippocampal formation) were examined. 
The biomolecular composition of hippocampal formations was studied in rats. The animals in the three periods of postnatal 
life (6-, 30- and 60-days-old rats) corresponding to the infancy, childhood and adult in humans were compared. To follow 
age-dependent elemental and biochemical changes of tissues highly spatially resolved X-ray fluorescence and FTIR spec-
troscopies (respectively) were applied. 
The obtained results showed fluctuations of Ca, Fe and Zn levels in selected areas of hippocampal formation between 3 ex-





 day of rats life. The opposite relation was found for the relative content of proteins with the β-
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ABSTRACT: A comparative study of tetrameric rabbit hemoglobin (HbR) and monomeric soybean leghemoglobin a (Lba)in 
the oxy- and deoxy-forms was carried out using 
57
Fe Mössbauer spectroscopy with a high velocity resolution in order to ana-
lyze the heme iron electronic structure and stereochemistry in relation to Mössbauer hyperfine parameters. The Mössbauer 
spectra of HbR in the oxy-, deoxy- and partially deoxygenated forms were fitted using two quadrupole doublets related to the 
57
Fe in α- and β-subunits in these protein forms. In contrast, the Mössbauer spectra of Hba in the oxy- and deoxy-forms were 
fitted with two and three quadrupole doublets, respectively, related to two conformational sub-states in the heme distal side 
in the oxy-form and three conformational sub-states in the heme proximal side in the deoxy-form. Small variations of Möss-
bauer hyperfine parameters related to small differences in the heme iron electronic structure and stereochemistry in HbR 
and Lba are discussed.  
It is well known that oxygen binding in various hemoglobins is related to their protein and heme iron electronic structures. 
The heme iron stereochemistry affect the Fe(II) electronic structure in both oxy- and deoxy-forms of hemoglobins. Larger or 
smaller overlap of the Fe(II) d-electrons with electron orbitals of four N atoms in the porphyrin plane and Nε atom of the 
imidazole ring of His F8 may affect the smaller or larger overlap of the Fe(II) d-orbitals with electron orbitals of O2 mole-
cule. Therefore, the Fe(II) electronic structure also plays an important role in the oxygen binding process. 57Fe Mössbauer 
spectroscopy is a powerful technique and has proved to be an excellent tool to study the Fe electronic structure in iron-
containing proteins on the basis of Mössbauer hyperfine parameters. A comparative study of tetrameric rabbit hemoglobin 
(HbR) in the oxy-, deoxy- and partially deoxygenated forms and monomeric soybean leghemoglobin a (Lba) in the oxy- and 
deoxy-forms was carried out. An analysis of the absorption line shape in the proteins’ Mössbauer spectra in comparison with 
those of the standard absorber sodium nitroprusside demonstrated the complicity of the proteins’ spectra required their fit 
using several quadrupole doublets. These doublets and their hyperfine parameters were related to stereochemical differences 
in the heme distal or proximal sides in HbR and Lba. This work was supported by the Ministry of Education and Science of 











Distribution of trace elements in tobacco and shisha products in 









Department of Chemistry, Faculty of Arts and Sciences, Istanbul Technical University, 34469 Maslak, Istanbul, 
Turkey; 
B
 Heathy Services Vocational School of Higher Education, Medical Laboratory Technics, Istanbul Aydin 
University, Sefakoy-Kucukcekmece, Istanbul, Turkey 
*aslibaysal@aydin.edu.tr
ABSTRACT: While it was extensively investigated that toxic metals or other toxins in tobacco and tobacco smoke, there are 
still some lack in accumulation from products to smoke. Also especially last decades the shisha (hookah or a waterpipe) 
usage was dramatically increased and there have no boundary in this subject.  In this work, some trace metals (Cd, Cu, Co, 
Ni, Zn and Pb) were determined in tobacco and shisha products and their smoke by graphite furnace atomic absorption 
spectrometry (GFAAS). The results were compared by accumulation from products to their smoke obtained after sample 
digestion. The tobacco and shisha samples were dried at 90
o
C for 12 h and digested using microwave-assisted wet digestion 
method with nitric and perchloric acids. Smoke investigation was applied in controlled box and tobacco and shisha products 
were burning, then their smoke collected on a filter. After collection of smoke on a filter, the filter was digested using same 
procedure. In order to validate methods, standard reference materials (bush branches and leaves) were used. Accumulation 
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ABSTRACT: Temperature and pH are critical parameters in determining the reactivity of chemicals and their measurement 
is fundamental in fields such as agriculture, environmental and food science, chemistry, biology and medicine. In this work, 
accomplished in the framework of the SWAN-iCare project (www.swan-icare.eu), we report the fabrication, testing and vali-
dation of disposable sensors, namely a resistive sensor based on reduced graphene oxide for the measurement of tempera-
ture and a potentiometric sensor based on graphene oxide for the measurement of pH in the wound bed. The term chronic 
wound groups different pathologies (i.e. venous leg ulcers, diabetic foot ulcers and pressure ulcers) having in common long 
healing times and profound impact on the quality of life for a large number of patients. For example, it is estimated that 25% 
of the about 33 million European citizens affected from diabetes develop a diabetic foot, a chronic ulcerative condition 
bringing a not negligible risk of amputation and death. The SWAN-iCARE project aims at providing the current negative 
pressure therapy with remote monitoring capabilities in order to improve the management of chronic wounds. In-vitro tests 
with model solutions and real samples demonstrated for the temperature and pH sensor accuracies of ±0.5 °C (range 20-40 
°C) and ±0.2 pH units (range 3-10 pH units) respectively. The use of sensors in contact with the wound bed poses strict re-
quirements in terms of biocompatibility and comfort for the patient, which are also addressed. The potential application of 
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ABSTRACT: In this work, the advantages of two non-destructive analytical techniques- Energy Dispersive X-Ray Fluores-
cence (EDXRF) and Raman spectroscopy in the analysis of dental tissues will be discussed and several applications will be 
presented. Regarding the evaluation of the elemental content and PO4
3-
 profile before and after treatment with bleaching 
products, three separated studies will be presented, concerning the use of different products (power bleaching, nightguard 
bleaching and over-the-counter) both according to the manufacturer’s instructions and in an abusive manner. Results show 
no significant differences in elemental content of enamel before and after treatment, whereas a significant decrease in the 
intensity of the PO4
3-
 profile was determined. These differences in the outcome of the two techniques may rely in a very su-
perficial demineralization, difficult to evaluate with EDXRF. The demineralization degree was calculated in all studies and 
was determined to be more substantial in products with lower pH rather than with higher active principle (Hydrogen Perox-
yde or Carbamide Peroxyde). EDXRF and Raman spectroscopy can also provide valuable information regarding the inter-
action of the materials used for restoration and dentin tissue – amalgam or composite fillings. In this work we used Raman 
spectroscopy to evaluate the performance of adhesive systems created for the use with composite fillings. Polymeric compo-
site fillings are not capable to self-adhere to dentin so an adhesive is required to infiltrate the tooth’s structure and copoly-
merize with the restorative material, creating a hybrid layer. The degree of conversion of monomers as well as the depth of 
impregnation of the adhesive throughout the hybrid layer was compared for two different adhesive systems and for sound 
and affected dentin. Furthermore, the analysis of teeth treated with mercury-based amalgam fillings will be presented giving 
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ABSTRACT: Heart failure (HF) is a complex clinical syndrome caused by a wide range of cardiovascular disorders (such as 
structural or functional abnormalities of the heart) and represent the main cause of mortality and poor quality of life in the 
western societies. According to the European Heart Failure Association, 26 million people experience HF globally and 3.6 
million people are diagnosed with HF, every year. Nowadays, the common clinical approaches used to diagnose and moni-
tor HF are based on analyzing natriuretic peptides (e.g. B-type or N-terminal pro-B-type natriuretic peptides) in serum and 
performing transthoracic Doppler 2D echocardiography. Beside these conventional clinical investigations, breath analysis 
is an extraordinarily appealing tool for a most effective, easy, painless and non-invasive monitoring of patients suffering 
from HF because of the chemical composition of exhaled breath reflects the physiological and pathophysiological process. 
The aim of this work was to develop an analytical procedure, based on Needle Trap Micro-Extraction coupled to GC-
MS/MS, to determine volatile organic compounds (VOCs) in human breath. This emerging and promising technique that 
employ a stainless-steel needle (internal diameter 0.34 mm and length 6 cm) packed with 1 cm of Divinylbenzene, 1 cm of 
Carbopack X and 1 cm of Carboxen 1000 allows analytes sampling and-pre-concentration to be performed in a single step. 
Needle trap devices were automatically desorbed by a CONCEPT GC-autosampler (PAS Technology) and VOCs were ana-
lysed by a 7890B GC System equipped with a DB5ms gas chromatographic column (60 m, 0.25 mm ID, 1.0 µm) and coupled 
to a 7010 MS Triple Quad mass spectrometer (Agilent Technologies). The method was then used in the framework of the 
H2020 HEARTEN project to support the development of specific biosensors (e.g. acetone), which will be integrated into an 
innovative mobile platform remotely connected by an mHealth application. According to this scenario, HF patients will be 
able to monitor itself at home by using their smartphones. 
Acknowledgement: This work was supported by the project PHC-643694 HEARTEN, funded by the European Commission 
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ABSTRACT: Melanoma is the most dangerous form of skin tumor, accounting for 90% of the deaths associated with cutane-
ous tumors [1]. The detection of melanoma and the determination of the extent of surrounding tissue over which melanoma 
cells infiltrated are critical in surgical treatment of melanoma. This work reports the results of melanoma classification from 
normal dermis by the univariate and multivariate analyses of laser induced breakdown spectroscopy (LIBS) signals of mela-
noma and dermis samples. Both pellet and excised skin samples were used for the LIBS measurement. It is shown that the 
intensities of Mg(II) and Ca(II) signals were significantly higher in melanoma than in dermis. The sensitivity of melanoma 
from the multivariate analysis was as high as 0.994 and 0.967 for the pellet and excised skin samples, respectively [2]. Also, 
the results for elemental mapping of melanoma and surrounding dermis are shown in comparison with the image for histolo-
gy analysis. The contours of LIBS intensity map matched closely with the histologically determined pigmented melanoma, 
melanoma border with locally developed inflammatory cells, and dermis. 
 
REFERENCES 
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gos, H. Pehamberger, and A. M. Eggermont, “Diagnosis and treatment of melanoma. European consensus-based interdisci-
plinary guideline – Update 2012”, Eur. J. Cancer 48, 2375-2390 (2012). 
[2] J. H. Han, Y. Moon, J. J. Lee, S. Choi, Y.-C. Kim, and S. Jeong, “Differentiation of cutaneous melanoma from surround-
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ABSTRACT: In this work, we present a simple and cost effective LIBS (Laser Induced Breakdown Spectroscopy) method 
for quantitative elemental analysis of powdered biological materials based on laboratory prepared calibration samples. The 
proposed non-gated LIBS system uses pulsed infrared nanosecond Transversely Excited Atmospheric (TEA) CO2 laser as the 
laser light source. The material used for the analysis was a blue – green alga Spirulina (Arthrospira Maxi- ma), commercial 
nutritional supplement widely used in food and pharmaceutical industries. Analytical curves for Ba, Fe, Mg, Mn and Sr were 
constructed using laboratory produced matrix-matched calibration samples. Inductively coupled plasma optical emission 
spectroscopy (ICP-OES) was used as the reference technique for elemental quantification, and reasonably well agreement 
between ICP and LIBS data was obtained. The estimated limits of detection of detection are comparable to those reported in 
literature. Results confirm that, in respect to its sensitivity and precision, proposed TEA CO2 laser based LIBS method can 
be successfully applied for quantitative analysis of macro and micro-elements in pow- dered samples. The main advantage of 
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ABSTRACT: Laser ablation technique has proved its value as a useful tool of microsampling especially when coupled to 
mass spectrometer and thus has been successfully applied in various analyses of precious materials like historic artefacts or 
human remains, as well as for imaging of elements’ distribution in soft tissues.
1
 However quantitative analysis by LA-ICP-
MS has been, and still is to some extent, a problematic issue. The lack of a commercially available calibration standards 
forces researchers to develop approaches aimed at particular applications.
2
 Since the laser ablation process itself is rather 
complex due to fractionation and matrix effects, a simple yet reliable calibration method would be appreciated. 
Two significantly different calibration approaches are presented. The first is based on laboratory prepared matrix – matched 
standards which now is already an established approach in the LA-ICP-MS quantitative analyses.
3
 In order to test the meth-
od for Zn and Mg mapping in rats’ hippocampus, standards were prepared with a use of rat brain tissue homogenized, 
spiked with solutions of selected elements and frozen. After cutting by a microtome, slices were deposited on microscopic 
glasses and in this form used to build an extrapolative calibration curve. This method is confronted with a second approach 
using coefficients calculated on a basis of data obtained by conventional solution analysis performed by ICP-MS and by 
analysis of solid standards by LA-ICP-MS. The coefficients are ratios of average analyte signals measured during ablation 
and corresponding mean concentration determined in solutions by ICP-MS. Such an approach has been successfully applied 
for determination of Sr and Ba in historic teeth.
4
  




. In the case of Mg a slight tendency 
can be observed of decreasing coefficient value with an increased Mg concentration in standards. Nevertheless, the average 




. Those average coefficients were used to quantify Mg and Zn on the basis of signals rec-
orded during laser ablation of hippocampus region in rats’ brains. As a final result, the maps obtained by means of those 
two approaches are compared.  
The method of combining mean concentrations determined by ICP-MS solution analysis with signals recorded during LA-
ICP-MS analysis of solids seems to be a straightforward approach which may significantly simplify the calibration step of 
LA-ICP-MS analyses and hence contribute to increase the applicability of this technique in many areas of research.  
1. K. Jurowski, S. Walas and W. Piekoszewski, Talanta, 2013, 115, 195–199. 
2. N. Miliszkiewicz, S. Walas and A. Tobiasz, J. Anal. At. Spectrom., 2015, 30, 327–338. 
3. K. Jurowski, M. Szewczyk, W. Piekoszewski, M. Herman, B. Szewczyk, G. Nowak, S. Walas, N. Miliszkiewicz, A. Tobiasz 
and J. Dobrowolska-Iwanek, J. Anal. At. Spectrom., 2014, 29, 1425–1431. 
4. N. Miliszkiewicz, S. Walas, A. Tobiasz, M. Kołodziej and K. Szostek, Anal. Lett., 2016, 1–29. 
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ABSTRACT: Local thermal equilibrium (LTE) of underwater LIBS plasma is assessed, and the atomic densities in the plasma 
are analyzed with taking chemical reactions into account. We conclude that a rapid temperature decrease, inevitable for 
underwater plasma, results in the formation of molecules and clusters in the plasma, and hence, the decrease in the amount 
of free atoms. This effect should be properly considered for the interpretation of underwater LIBS signal for quantitative 
analysis. Underwater LIBS is an important technique for deep-sea resource exploration and environmental monitoring of 
lakes and rivers. Also, it can be a convenient in-situ analysis method of solid mate-rials inevitably submerged in water, 
which we sometimes encounter in industrial processes, such as electroplating, nuclear waste monitoring, etc. In general, an 
intensity of a certain atomic line is proportional to the corresponding population density. To relate the population density to 
the atomic density we have to assume thermal equi-librium among the excitation states. Even under local thermal equilibri-
um (LTE) condition, how-ever, the atomic density in the plasma is not nec-essarily proportional to the elemental composition 
of the target material, due to chemi-cal reactions in the plasma which changes the density of free atoms, as well as a possible 
non-stoichiometric nature of the ablation process. Such disturbance by chemical reactions applies also to underwater LIBS.  
In the present work we clarify if LTE condi-tion is attained in the plasma, and investigate the decrease in the density of free 
atoms due to the formation of diatomic molecules by assuming LTE. We first evaluated the excitation tempera-tures of Zn 
and Cu atoms in the plasma, and dis-cuss LTE. The temperature of Zn is close to that of Cu in the plasma in water, suggest-
ing that LTE is probably attained in this system, while they are quite different in air, suggesting that the plasma in air is not 
in LTE. We have investigated reac-tions of atoms by nanosecond time-resolved atomic absorption spectroscopy, and ob-
tained absolute amount of the atoms in the ground state, which is the majority among all the populations of possible states of 
the atom. It was found that the densities of atoms decrease to almost zero after ~10 µs. If we look at the data carefully, Al 
atoms disappear more rapidly than Na atoms (see Fig. 1). We also calculated the amount of oxide, i.e., AlO and NaO, 
formed under the equilibrium condition among the related species, by assuming the rate of temperature decrease obtained in 
our previous work [1]. We conclude that a rapid tem-perature decrease results in the formation of mol-ecules and clusters in 
the plasma, and hence, the decrease in the amount of atoms, which should be taken into account for the interpretation of un-
derwater LIBS signal for quantitative analysis. 
  
Fig. 1. Calculated number density of Al and Na in the plasma as a function of delay time. 
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ABSTRACT: Our group has been developing LIBS instruments and deploying them in the deep-sea for oceanographic re-
search and mineral prospecting since 2012 [1,2]. Systems have been deployed in 3 different active hydrothermal fields; 
Wakamiko Caldera (Kagoshima bay), Iheya North Field (Okinawa trough) and Sunrise deposit (Myojin Knoll Caldera) at 
depths of between 190 and 1300 m. Measurements of both seawater and mineral deposits have been made from work class 
remotely operated vehicles (ROV) and several 10,000s of analytically useful spectra have been obtained. In this talk we will 
discuss how the technology has advanced, the lessons that have been learnt and will present the latest data from out most 
recent expeditions. While the fundamental breakthrough technology has been the development of compact, reliable long-
pulse (>100 ns) lasers, we will give particular focus to developments in the operational aspects of deep-sea LIBS instrumen-
ta-tion that now makes measuring seafloor deposits routine. Different methods of analysing LIBS signals [3,4] being investi-





[1] B. Thornton et al., Development and field testing of laser-induced breakdown spectroscopy for in situ multi-element  
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ABSTRACT: This study investigates methods to analyze LIBS signals generated underwater using a long ns-duration pulse 
(>100 ns) using Artificial Neural Networks (ANNs). Long-pulse LIBS has the unique advantage that signals can be obtained 
from solid surfaces that are submerged at high, oceanic pressures, and has been applied to in situ geological surveys of 
deep-sea mineral deposits
1
. While high quality signals can be obtained using this method, the signals are broader and more 
susceptible to fluctuations than signals in a gaseous atmosphere
2
. Methods to classify and quantify signals generated under-
water are still the subject of on-going investigation. Underwater LIBS measurements suffer from increased sensitivity to sur-
face conditions and chemical heterogeneity combined with transient plasma properties and plasma confinement that are spe-
cific to underwater measurements. While studies have looked into the use of multivariate techniques
3
, here we will investi-
gate the use of ANNs to describe the non-linear properties. It is generally agreed that for ANNs, pre-processing of full-field 
data is important and many methods have been proposed in image and language processing fields. Several reports applied 
ANNs to LIBS in air by choosing elemental peaks to produce results with relatively small training datasets. However, for 
spectra generated in water, the elemental peaks are not resolved well because the spectra are broad and in some cases self-
absorbed due to high plasma density. Therefore, in this work we use the entire signal as input so that these effects can be 
taken into account rather than manual selecting of specific peaks. This also has the advantage of building a more generic 
model that can potentially be applied to a broad range of target matrices. At the same time, this also requires larger training 
datasets and often requires the use of pre-processing and auto-encoding methods for the models to converge. In this study, 
different approaches to signal preprocessing are assessed.
The LIBS spectra are subject to following steps of pre-processing, in order to suppress fluctuations in intensity due to dis-
tance variations to the sample, fluctuations in laser pulse energy and target surface conditions. In addition to these standard 
steps, averaging of signals is performed to reduce the effect of sample heterogeneity. The effect is bigger in underwater 
measurements than in air because the incompressibility of water confines the size of plasma. To generate ANN input data, 
random sampling is performed to generate a larger database, a logarithm of the signals is taken and they are normalized to 
have a variance of 1 to create a suitable shape for the data. Our study has found that signal pre-processing considering the 
features of LIBS spectra in water improves classification accuracy from 78.2% to 98.0% for a generic ANNs taking as input, 
entire LIBS signals with no human specification of features. In our future work, we will apply this method to geological clas-
sification of LIBS spectra obtained during in-situ measurements and investigate way to extend this method for quantitative 
analysis.  
 
1 B. Thornton et al., Deep-Sea Res. I 116 (2016) 200–219 
2 R.C. Wiens, et al., Spectrochim. Acta B 82 (2013) 1-27 
3 T. Takahashi, et al., Spectrochim. Acta B 124 (2016) 87-93 
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ABSTRACT: A growing interest in the development of technologies for use in exploration of the deep ocean is apparent. Of 
special relevance are techniques for the chemical analysis of submerged solids, which show promise for subsea mining ap-
plications where a rapid sorting of materials found in the sea bottom would improve efficiency. Laser-induced breakdown 
spectroscopy has demonstrated potential for this application by its unique capability for providing the atomic composition of 
underwater solids. In this work, the study of the effect of the hydrostatic pressure during the laser ablation of a solid target 
immersed in water was employed during the single (SP) [1] and double pulses (DP) [2] laser ablation experiments. The 
main aims were, on one hand, the optimization of the Double collinear LIBS for the underwater applications, on the other 
hand the connection of the observed plasma parameters with the produced NPs features that concern important applications 
in material science and that can interfere with the LIBS measurements. The SP and DP laser ablation experiments in water 
were investigated by Optical Emission Spectroscopy (OES), tempo-rally resolved imaging and shadowgraph techniques, in a 
range of pressure between 1 to 120 Bar. The temperature and the electron density of the laser induced plasma during the SP 
experiment have been directly connected with the produced NPs features. The analysis of the plasma behavior and cavitation 
bubble dynamics put in evidence how, during the SP experiment, although the increasing of the water pressure changes the 
plasma shaping and aspect ratio, as well as the bubble shape and dynamics, the produced spherical nanoparticles character-
istics seems to not be affected by the liquid pressures. The same study on plasma and cavitation bubble was then employed to 
optimize the DP LIBS experiment in terms of the interpulse delays and NPs interference. It was finally demonstrated that, 
although the lifetime of the cavitation bubble at high water pressure is too short to obtain the classical ad-vantages of the 
DP-LIBS at atmospheric conditions, the use of the spectra for elemental analysis with conventional methodologies is still 
feasible. As a matter of fact, the emission spectra present the emission lines completely absorbed on the continuum radiation 
due to the initial stage of plasma expansion. These absorbed spectral lines on the continuum have been observed to be pro-
portional to the total number density of the emitting species exhibiting that the state distribution function of the elements 
holds a Boltzmann form. 
 
[1]  M. Dell’Aglio, A. Santagata, G. Valenza, A. De Stradis, A. De Giacomo, Study of the effect of water pressure on 
plasma and cavitation bubble induced by Pulsed Laser Ablation in Liquid (PLAL) of silver and missed variations of observa-
ble NPs features, Chem. Phys. Chem, 2017, DOI: 10.1002/cphc.201601231 
[2]  M. López-Claros, M. Dell’Aglio, R. Gaudiuso, A. Santagata, A. De Giaco-mo, F.J. Fortes, J.J. Laserna, Double 
Pulse Laser Induced Breakdown Spectroscopy of a Solid in water: Effect of hydrostatic pressure on laser induced plasma, 
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ABSTRACT: In this study, quantitative elemental analysis of water-submerged metals and rocks is investigated for applica-
tion to in-situ measurements of deep-sea rocks. In order to reduce effects of shot-to-shot fluctuations seen in signals of wa-
ter-submerged solids on PLS, database segmentation by excitation temperature is proposed. It was found that segmentation 
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ABSTRACT: An outlook on the current status and trends in desorption electrospray-mass spectrometry (DESI-MS), one of 
the most used spray-based techniques for ambient ionization, is given with an emphasis on applications related to the life 
sciences, forensics and food analysis. The main advances recently achieved or still in progress regarding studies of the anal-
ysis of surfaces affecting the efficiency of the DESI process are discussed
1
. This presentation explores also the move towards 
recent advancement of DESI-MS that has paved the way for the development of ambient ionization techniques including re-
active DESI-MS, electrospray-assisted laser desorption ionization (EALDI) and DESI-MS imaging
2
.  
Recent technological developments in DESI-MS imaging of biological samples for the detection of drugs and metabolites in 
tissues, of latent fingerprints in criminal investigations and many other imaging applications attested the potential of this MS 
technique to analyze spatial localization and molecular distribution of target molecules within a variety of samples, thus 
providing ambient, label-free imaging with no sample modification. Very recently, a new approach for constant-distance 
mode mass spectrometry imaging of biological samples using nano-spray desorption electrospray ionization (nano-DESI) 
was demonstrated to be ideally suited for characterizing biological samples of complex topography in their native states
3
.  
In the past few years, remarkable advancements in the coupling of liquid chromatography (LC) with MS through a DESI 
source using ultra-fast LC or ultra-performance (UP) LC have been made. Characteristics include a wide range of elution 
flow-rates, on-line selective derivatization via reactive DESI, and further combination with electrochemistry (EC) experi-
ments to obtain a UPLC/EC/DESI-MS system, which allows the separated analytes to further undergo redox reactions prior 
to MS detection. Integration of electrochemistry with UPLC-MS broadens LC/DESI-MS applications such as fast structural 
elucidation of disulfide-containing proteins/peptides from enzymatic digests, making this innovative technology valuable for 
proteomics research
4
. The strategy of surface desorption/ionization of analytes from solid-phase microextraction (SPME) for 
ambient MS led to a number of coupled techniques including SPME/DESI-MS, which have been proved ideal for screening 
purposes of trace compounds in complex samples for environmental testing, clinical research and forensic analysis
5
. The 
minimal specimen preparation required for analysis, enhancement of analysis throughput and the sensitivity of detection 
achieved offer great advantages, especially when coupling DESI with a high-resolution mass spectrometer. However, further 
improvements particularly in terms of development of novel coating materials for enhancement of both extraction and ioni-
zation efficiencies are expected. 
Finally, future perspectives regarding the implementation of DESI in conjunction with a portable mass spectrometer to de-
velop a robust technique ideal to be used in homeland security and environmental monitoring are discussed. 
 
1 
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ABSTRACT: The use of certified reference materials (CRM) become highly important, when the quality of the results is con-
sider. In order to calibrate the instrument as well as to assure the traceability of the results, the analyst should select the 
adequate chemical standard. The common approach for preliminary calibration of given instrument is to use the standard 
solutions of pure compound of interest. In order to evaluate the influence of the matrix components on the signal and to cal-
culate the experimental recovery, there is a need to select the appropriate reference material, characterized by the close as 
much as possible, composition in respect of matrix and analyte. Although it is possible to purchase the wide assortment of 
pure standard compounds, the availability as well as the selection of matrix-matched standards is still recognized as a chal-
lenge in respect of assuring the accurate quantitative analysis. 
The aim of the presentation is to evaluate the selection of the matrix certified reference materials with the purpose of they 
use in atomic and molecular mass spectrometry, in the case of liquid and solid samples analysis. The special attention will 
be given to the certification procedure, where GF-AAS, ICPMS, LA-ICPMS or IDMS were used for the determination of the 
total content of the elements of interest. In some cases, the speciation issue was also consider, for this purpose the use of 
HPLC-ICPMS was optimize and the operational defined certified value for the species of interest was described. Moreover, 
various calibration strategies tailored towards specific applications were developed as to assure the accuracy of the results. 
The evaluation of the advantageous and limitations of the applied CRM as well as calibration modes will be given with the 
specific examples of environmental samples.  
In the case of molecular mass spectrometry, the strategy applied for the implementation of the standards for biologically 
active substances in living organisms will be given with the examples of selected proteins and doping substances. For this 
purpose the use of LC-MS/MS will be illustrated.             
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ABSTRACT: During the last decade, the production and use of engineered nanomaterials (ENMs) have experienced a dras-
tic increase, resulting in a potential risk of their release into the environment. Therefore, the study of their impact on the 
biota becomes crucial. The appropriate ecological risk assessment and management of ENMs in the environment requires 
quantitative measurements of both exposure and effects that should, ideally, be performed by in situ analysis and give physi-
cochemical characterization. However, most analytical techniques (TEM, SEM, DLS…) are not suitable for environmental 
matrices since nanoparticle concentrations are very low. Single particle inductively coupled plasma mass spectrometry (SP-
ICP-MS) has been found to be the technique of choice for detecting and characterizing metal nanoparticles at very low con-
centrations. SP-ICP-MS is founded on the concept of acquiring fast continuous transient readings offering the ability to dis-
tinguish between particles of different elements and the measurement of particle number concentration, particle size, size 
distribution along with the dissolved concentration for each element. With the key feature of SP-ICP-MS “discrete pulse de-
tection and quantification in a time-resolved manner using microsecond (µs) data acquisition rates” Single Cell ICP-MS 
(SC-ICP-MS) is introduced, where individual cells are analyzed for metal content at the individual level.  
This work will focus on the various significant instrument settings and their implications on nanoparticle and single cell 
characterization.  Information on the instrument setup conditions and the influence of transport efficiency on data quality is 
given.  The effect of varying the dwell time and its influence on particle integration, particle counting, particle sizing, and the 
background signal is discussed. Data describing the use of Dynamic Reaction Cell (DRC) design in handling short-lived 
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ABSTRACT: In 2013 we proposed the Nanoparticle Enhanced Laser Induced Breakdown Spectroscopy (NELIBS) for en-
hancing the LIBS performances in terms of signal enhancement in several applications, spacing from metal sample analysis 
to biological samples [1]. After a few years several groups around the world have applied NELIBS in different applications. 
Although the promising results presented by several authors, the basic concepts of the laser matter interaction when NPs are 
deposited on the sample are still receiving poor consideration leading to misunderstand the real advantages and the limita-
tion of this powerful technique. In this view this lecture is devoted to discuss the basic aspects of NPs supported laser abla-
tion and overview the critical points in sample preparation for NELIBS.  Finally a general overview of the future perspec-
tives and applications of NELIBS will be critically discussed in order to outline the advantages and the limitation of this re-
cent technique.  
References: De Giacomo, A., Dell'Aglio, M., Gaudiuso, R., Koral, C., Valenza, G. Perspective on the use of nanoparticles to 
improve LIBS analytical performance: Nanoparticle enhanced laser induced breakdown spectroscopy (NELIBS) (2016) 
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ABSTRACT: We investigate the features of Au metal nanoparticles (NPs) formation by laser irradiation of thin films and its 
application in Nanoparticle Enhancement Laser Induced Breakdown Spectroscopy (NELIBS). In this approach, the for-
mation/modification of NPs and the enhancement of the LIBS signal are produced simultaneously by a single laser shot. The 
NPs are formed by nanosecond laser exposure of Au thin films previously deposited on transparent dielectric substrates. The 
irradiation induces phase changes resulting in the formation of metallic nanoparticles (NPs) attached or even embedded in 
the surface of the substrate[1,2]. Those NPs enable the enhancement of the LIBS signal allowing the analysis of glasses at 
much lower irradiance than in conventional LIBS[3]. Experiments of irradiation of Au thin films were carried out for study-
ing the formation of NPs, which revealed the fundamental role of the metal/substrate evaporation and plasma formation in 
the produced nanostructures and in their corresponding optical properties. The influence of the starting film thickness, laser 
fluence and number of pulses on both, the characteristics of the NPs and the enhancement of the emission signal was also 
studied. The obtained NPs were characterized by SEM and UV-Vis optical absorption. It has been found that for low flu-
ences, the NPs are formed on the surface of the substrate allowing the increasing of the LIBS signal for few pulses. In con-
trast, for high laser fluences the NPs are implanted into the substrate allowing the emission enhancement for hundreds of 
pulses.    
 
This work was partially supported by the DGAPA-UNAM under project PAPIIT IG100415. 
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ABSTRACT: In sample microanalysis by laser ablation (LA), spatial resolution is determined by laser beam diffraction limits 
(of the order of a laser wavelength) and thermal diffusion of a deposited heating energy during laser pulse (proportional to 
the square root of pulse duration and matter diffusivity). Being limited by these laser beam features and those of heating en-
ergy, spatial resolution (a crater diameter) of ∼1 µm was obtained with 4 ns laser pulses on 266 nm wavelength 
1-2
. To im-
prove spatial resolution of microanalysis, the application of lasers with the pulses of shorter durations (ps and fs) may be 
advised 
3-5
. As another way to improve spatial resolution of microanalysis up to ∼100 nm, one may advise LA with a highly 
localized laser field created by a tip near-field enhancement 
6
. The experiments with ns laser pulses were made along with 
multi-parametric theoretical studies 
7
 based on one-temperature heating model.  
In this work, the theoretical studies were extended on ultra-short laser pulses  (ps or fs) to analyze the effect of pulse dura-
tion and matter properties (absorption coefficient, thermal conductivity and capacity) on the resulting temperature field spa-
tial distribution T (t, x, y, z). A two-temperature model was applied for T (t, x, y, z) calculations. The results of these simula-
tions are compared to temperature distributions for ns laser pulses. Discussion on advantages of ultra-short pulses applica-
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ABSTRACT: When compared to other analytical techniques such as XRF, ICP-OES/MS and AAS, LIBS shows relatively low 
precision and, generally, high LODs. Traditionally, the enhancement of LIBS performances is based on the introduction of 
more powerful lasers, high sensitivity detectors or controlled environmental parameters. This can hinder the competitivity of 
LIBS by increasing the instrumental setup cost and the difficulty of operation. Sample treatment has proved to be a viable 
and simple way to increase the LIBS signal; in particular, the NELIBS methodology uses a deposition of metal nanoparticles 
on the sample to greatly increase the emission of the LIBS plasma. In this work, we used a simple, fast, “green” and low-cost 
method to synthetize silver nanoparticles by using coffee extracts as a reducing agent for a silver nitrate solution. This 
allowed us to obtain nanoparticles of about 25 nm. We then explored the application of such nanoparticles to the NELIBS 
analysis of metallic samples with a proprietary portable LIBS instrument (Modì). By adjusting the laser parameters and 
optimizing the sample preparation procedure, we obtained a signal enhancement throughout the study. This showed the 
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ABSTRACT: Enhanced emission was observed from plasmas induced by focusing nanosecond pulsed laser radiation on 
nano-matter distributions. These studies include experiments utilizing pure nanoparticles [1-4] and the use of thin layer me-
tallic nanomaterials to cover solid targets [5-7]. The acronyms for nanomaterial enhanced laser-induced plasma spectros-
copy (NELIPS) and nanomaterial enhanced laser-induced breakdown spectroscopy (NELIBS) appear to be used freely to 
annotate the increase in signal yield.  Figure 1 illustrates signal enhancements achieved in experiments together with efforts 
in modeling. 
  
Figure 1: Nano-material signal enhancement and modeling summary. 
 
In this work, the different approaches and outcomes are discussed.  When using pure nanoparticles (termed   NELIPS by 
some researchers), the measurements of principle plasma parameters are accomplished using traditional plasma spectros-
copy [1-4]. The recorded signals show (a) increase linearly with time delay, (b) scales logarithmically with reduction of the 
laser fluence, (c) shows similar plasma parameters, (d) are compatible with the relative concentrations from bulk and nano-
material, (e) reduce plasma threshold fluence for excitation wavelengths towards the UV, and (f) reduce the threshold upon 
decreasing nanoparticle sizes suggesting the scaling of classical thermal conduction length to the nanomaterial diameter. 
When using thin layer of nanoparticles on surface of sample targets (termed NELIBS by some researchers), enhanced sig-
nals from the target material has reported for several base materials [5-7], effectively increases the limit-of-detection figure 
of merit.  For pure nanomaterial, it could be of interest to elucidate the role of laser-plasma thresholds for modeling of 
measured enhancements.  
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ABSTRACT: Laser Induced Breakdown Spectroscopy (LIBS) has been applied for the large scale structural investigation of 
nanocomposite multilayered thin film samples. In order to determine the applicability and capability of LIBS on Ge nanopar-
ticles (Ge-np) embedded multilayered ZnO thin films (total thickness~ 900 nm) a new model system has been thoroughly 
built and compared by other structural analysis techniques such as XRD, SEM, and SIMS. ZnO: Ge thin films were deposited 
on Si (111) substrates by sequential sputtering of ZnO (~150 nm) and Ge (~30 nm) layers and formation of Ge-np were ac-
complished by post-deposition rapid thermal annealing (RTA). Energy difference between direct and indirect band transi-
tions for (Ge) is about 0.12 eV which makes it more suitable for changing the electronic structure around band edge. Studies 
show that Ge nanoparticle embedded oxide materials have significantly changed optical behaviors which is related to the 
quantum confinement of electron hole pairs in Ge nanoparticles. The structure of Ge nanoparticles and the nature of the 
interface between oxide material matrix must be understood to interpret this behavior change. Because of quantum confine-
ment effect in Ge atom in less than 24nm Bohr radius particles, transition between two levels are limited energy levels. Ge 
layer and Ge nanoparticles have a positive effect in ZnO based solar cells efficiency. Most of the studies are done by Si and 
Ge nanoparticle embedded in wide bandgap semiconducting oxide matrices. Indirect bandgap created with both Si and Ge 
leads to a longer life time of electron-hole pairs as compared to direct band gap materials. Based on the theoretical studies, 
Ge is predicted to show a significant quantum confinement effect below 24nm Bohr radius. This limit is much above that of 
Si which is approximately 5 nm Bohr radius. Hence, it is important to investigate the ZnO:Ge thin films. In order to realize 
2D homogeneity of the samples, LIBS measurements have been performed on equally spaced 5 spots of a line matrix. In ad-
dition, measurements were repeated on each spot by performing consecutive laser shots so as to obtain depth profiles of the 
samples. It has been realized that although 2D homogeneity of the samples in terms of the distribution of Zn and Ge atoms 
could be very well obtained by LIBS, depth profiling is not that reliable due to each laser shot ablating approximately 125 
nm with 11.2 mJ pulse energy which was the minimum for observing Ge peaks within an acceptable error margin.  For this 
purpose, LIBS system was developed with maximum spectrum intensity versus sampling methods. Structure of ZnO: Ge sam-
ples was identified in less than 1 minute under ambient conditions.  Results were compared with SEM and XRD results. Dis-
crimination analysis (principle component analysis, PCA) have been performed to investigate different thin film structures. 
Eventually, signal to noise (SNR) and signal to background (SBR) ratios of elements have been evaluated to maintain the 
best detection conditions.  
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ABSTRACT: Current trends in nanoengineering are bringing along new structures for usage over a wide variety of fields: 
from readily available products, e.g., clothes or foodstuff, to next-generation electronics or drugs. To suit their correspond- 
ing application, nanodevices feature increasingly complex chemical compositions, which need to be meticulously defined 
even at single particle scale to ensure their correct operation as well as to evaluate their potential toxicity. The complete 
characterization of such exiguous sample quantities demands a great degree of sensitivity met only by few techniques that 
present drawbacks related to difficult nanoparticles isolation and discrimination of individual-particle events. Thanks to its 
versatility, laser-induced breakdown spectroscopy (LIBS) offers straightforward simultaneous identification of virtually any 
kind of sample, hence making it an appealing candidate for single particle analysis, but it is usually hindered by high detec- 
tion limits. In the present communication, the sensitivity boundaries of LIBS are pushed towards a new extreme as we 
demonstrate di- rect attogram detection and identification by combining LIBS and optical trapping (OT). In this approach, 
individual nano- particles are suspended in an optical trap set in air and subsequently probed. Metallic Cu nanoparticles of 
diameters com- prised between 25 and 70 nm, with masses ranging from 0.073 to 1.61 fg, were steadily trapped under said 
conditions for the first time. Optical forces acting on the particles were calculated for each sample to assess the stiffness of 
the trap. A simple classification scheme was developed to discern single Cu particle LIBS events, whose intensities showed 
linear correlation with particle masses. OT-LIBS showcases a limit of detection of 31 ag for Cu (the mass of a 19 nm parti-
cle), unprecedented in optical emission spectroscopy. This sensitivity was linked to more efficient particle dissociation and 
excitation of smaller size particles in the laser-induced plasma by quantitatively estimating the production of photons per 
mass unit from recorded spectra. The results described herein should pave the path of LIBS towards the inspection of indi-
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ABSTRACT: The impressive advances of computer power, effective and user friendly software and graphical interfaces are 
leading to the development of a new generation of virtual tools able to deal effectively with the complex systems and phe-
nomena of current interest in the study of molecular systems. Going from collections of numbers for oversimplified models 
toward vis-a-vis comparison between in silico and in vitro outcomes for real systems together with 3D renderings and natu-
ral interfaces should finally overcome the diffidence of experimentalists versus theoreticians mentioned in the title. Among 
those virtual instruments, we will be concerned here with the multifrequency spectrometer (VMS) our group is developing in 
the last few years in the framework of the ERC Advanced Grant DREAMS: 320951 (“Development of a Research Environ-
ment for Advanced Modeling of Soft Matter”) [1], which allows vis-a-vis comparison of experimental spectra with their sim-
ulated counterparts  and interpretation of the results in terms of the interplay among different well defined effects [2,3]. The 
main building blocks of this tool are, apart from powerful 3D pre- and post-processing tools, first-principle and semiempiri-
cal [4] models based on the density functional theory for the proper treatment of stereo-electronic effects, polarizable atom-
istic [5] and continuum [6] models to deal with environmental effects, and perturbative treatments for describing nuclear 
motions either beyond the harmonic level [7], or involving more than one electronic state [8]. In this presentation I will 
sketch the present status of the multifrequency spectrometer and the ongoing efforts toward increasing its range of applica-
tion with special reference to excited electronic states of molecular systems both in the gas phase and in more complex envi-
ronments. Some case studies will be selected to better illustrate the above concepts.  
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ABSTRACT: Density functional methods (DFT) were used for interpretation of IR, time-resolved IR, absorption and emission 
spectroscopy experiments. Calculated IR and time-resolved IR spectra were calculated by vibrational analysis at optimized 
ground- and excited-state geometries using harmonic or anharmonic approaches. The simulation of absorption and emission 
spectra was based on time-dependent DFT (TD-DFT) methodology. The solvent effects were described by the polarizable 
continuum model (PCM) or conductor-like screening model (COSMO). The computational procedures describing ground 
and excited state spectral properties will be illustrated on Re carbonyl diimine complexes [Re(X)(CO)3(L)]
n
 (X = Cl, Br, I, 




. Computational results on Re and Pt complexes were successfully compared with spec-
tra measured in different solvents and it was shown that calculations qualitatively explain the temperature-dependence of the 
phosphorescence decay parameters that were measured for the whole series of Re complexes. Spin-orbit SO-TD-DFT calcu-
lated spectra well interpreted experimental UV-vis spectra including the lowest lying singlet – triplet excitations. SO calcula-
tions shown the splitting of the lowest triplet states and help to understand photophysical properties. The interpretation of 
spectroelectrochemical behavior will be illustrated on the redox series of above mentioned Pt and Ir complexes and redox 
series of Co and Cu complexes with bidentate ligands. TD-DFT reasonably reproduces the experimentally observed spectra 






Accessible accurate simulation of vibrational and electronic spectra 
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ABSTRACT: Ongoing work has been dedicated in our group to develop a multi-frequency virtual spectrometer able to simu-
late a large range of spectra for molecules of biological and technological interest with account for environmental ef-
fects[1,2]. A primary objective is to offer accurate results in a cost-effective way while being accessible to a broad communi-
ty of researchers interested in computational spectroscopy. The platform has been designed in a modular way to facilitate its 
development and extension. In particular, two modules have been actively built up over the last years. The first one[3-5] 
aims at simulating vibrational spectra beyond the harmonic approximation, using second-order perturbation level of theory 
(VPT2) to compute both transition energies and intensities. The second module[6--8] adds vibrational contributions to elec-
tronic spectra. 
In this presentation, we will describe the main features of the virtual spectrometer and the theoretical frameworks used for 
the simulation of vibration and vibronic spectra. The simplicity of use of the tool is strongly conditioned by its capability to 
identify and possibly overcome the shortcoming in the approximations adopted by the basic models on which it relies. The 
potential impact of such issues, like resonances in VPT2 calculations or molecular deformations and mode mixing upon elec-
tronic transition, and strategies to ensure the reliability and accuracy of the results will be discussed. Some capabilities of 
the spectrometer will be illustrated by several case studies covering various spectroscopies, including chiral effects, and 
experimental conditions, like mixtures, environment or temperature. 
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ABSTRACT: The possibility of mapping atomic orbitals by using an energy-filtered transmission electron microscope 
(EFTEM) has been considered for a long time and was recently demonstrated from a theoretical point of view [1]. With the 
example of graphene, we predict how this approach can be used to map orbitals of a particular character [2]. To this extent, 
we have investigated graphene with two different kinds of defects, namely an isolated vacancy and a substitutional nitrogen 
atom. We show that basically three different kinds of images are to be expected, depending on the orbital character as de-
termined from the corresponding projected density of states. To judge the feasibility of mapping such orbitals in a real mi-
croscope, we investigate the effect of the optics' aberrations, by simulating the lens system of two microscopes that are com-
monly used for electron energy loss spectrometry. We find that it should indeed be feasible to see atomic orbitals in a state-
of-the-art EFTEM. 
All the calculations performed in this work can be freely downloaded from the NOMAD Repository [3], which is a repository 
that was established to host, organize, and share computed materials data. It is part of the NOMAD Laboratory [4], a Euro-
pean Centre of Excellence for Computing Applications. 
[1]  S. Löffler, V. Motsch, and P. Schattschneider, Ultramicroscopy 131 (2013) 39. 
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ABSTRACT: Infrared (IR) absorption spectra of amide modes (particularly of the amide I mode, mostly corresponding to the 
peptide-group C=O stretching) have long provided a tool for determining the secondary structure of peptides and proteins. 
Indeed, the amide I band is sensitive to the protein secondary structural components: the frequencies of the amide I band are 
closely correlated to the molecular geometry and hydrogen bonding pattern. However, the link of particular frequencies with 
secondary structure has been made on the basis of semiempirical rules and is often controversial. Moreover, the observed 
amide I bands are often featureless, due to the extensive overlap of the broad underlying component bands. 
Theoretical−computational methods are needed to provide essential information on the complex relationship between 
spectroscopic absorption and dynamics, permitting the effects of structural transitions and of solvent interactions on the IR 
signal to be unravelled. In this context, we proposed and applied an approach to calculate amide I IR spectra of peptides and 
proteins based on the joint use of extended molecular dynamics (MD) simulations and a mixed quantum/classical theoretical 
computational methodology: the Perturbed Matrix Method (PMM)[1,2]. In PMM a portion of the system (the quantum 
center) is treated at an electronic level, while the rest of the system is described at a classical atomistic level, exerting an 
electrostatic perturbation on the quantum-center electronic states. As the method makes use of classical MD to provide phase 
space sampling, statistically relevant sampling of the quantum-center/environment configurations can be achieved, which is 
required for an accurate calculation of the spectra of complex systems. The use of such an approach allowed the theoretical 
investigation of the amide I spectra of both helical [3,4] and β [1,4-6] peptides as well as amyloids [7] and peptides 
unfolded states [1,4,6], critically comparing the calculated spectra with experimental IR temperature-dependent and isotope-
labelled spectra and providing a mean for the interpretation of the experimental spectra at the molecular level. More 
recently, we focused on modelling the time-dependence of the amide I IR signal, to be compared with experimental time-
resolved IR spectra, commonly used to monitor folding kinetics [6]. The possibility of quantitatively modelling time resolved 
spectra can provide a detailed interpretation of the time evolution of the spectroscopic signal, permitting a full 
characterization of the kinetics of complex chemical-biochemical processes. The investigation of time-dependent IR signals is 
being currently applied to the analysis of extremely long (hundreds of microseconds) folding trajectories of a β peptide, 
allowing to reconstruct the IR spectroscopic signal of various conformational states of the peptide and providing a thorough 
thermodynamic and kinetic picture of the folding process. References: [1] Daidone, I. et al., Chem. Phys. Lett., 488(4), 213-218, 
2010. [2] Amadei, A. et al., Theor. Chem. Acc., 129(1), 31-43, 2011. [3] Zanetti-Polzi, L. et al, J. Phys. Chem. B, 117(41), 12383-12390, 
2013. [4] Zanetti-Polzi, L. et al., J. Phys. Chem. B, 116(10), 3353-3360, 2012. [5] Zanetti-Polzi, L. et al., J. Phys. Chem. B, 115(41), 
11872-11878, 2011. [6] Daidone, I. et al., J. Phys. Chem. B, 119(14), 4849-4856, 2015. [7] Zanetti-Polzi, L. et al., J. Am. Chem. Soc., 
133(30), 11414-11417, 2011 
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ABSTRACT: High-resolution X-ray spectroscopy has revealed complex structures in the spectra of core-ionized elements 
essentially due to the interaction of the inner unpaired electron with the atom’s valence electrons. In this way, the transition 
metals are well suited study objects due to their open 3d shell. To this date, the analysis of experimental spectra requires 
multi peak fitting including up to 12 or more parameters depending on the complexity of the system and whether satellite 
lines are present. These parameters include not only experimental features such as spectrometer energy resolution and 
transfer functions but also energy shifts, natural transition widths, spectator intensities and broadening. In this work, we 
have performed simulations of high accuracy X-ray spectra of selected transition metals, using a completely ab initio tech-
nique where all of the radiative and non-radiative transitions were calculated with the Dirac-Fock method including the 
Breit operator and quantum electrodynamic corrections such as self-energy and vacuum polarization. The simulation of the 
spectra is then free of any fitting parameters, requiring only as input the experimental energy resolution, background intensi-
ty and any energy offset due to calibration procedures. Noteworthy is the fact that the ratio between the diagram and the 
satellite lines intensities is not subject to any fitting, being obtained directly from their calculated relative intensities. We 
have also investigated the influence of low energy configurations, besides the ground state configuration, in the simulated 
spectra, as they can be populated at the temperature at which the experiment is run. Comparison with experimental spectra 
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ABSTRACT: In recent years, enantiopure metal complexes have attracted growing interest for their possible application in 
several fields such as catalysis, materials and life science.[1,2] Molecular properties are commonly studied through spectro-
scopic methodologies, which can be combined to get a complete description of the systems. Among them, chiroptical meth-
odologies are the fundamental experimental techniques to assess the molecular chirality, and have been widely applied to 
determine the absolute configuration of chiral molecules. However chiroptical experimental spectra can be only seldom in-
terpreted on a basis of classical or phenomenological models.[3] This is particularly true for transition metal complexes, 
where the chiroptical activity arises from many different contributions. For those systems, only accurate theoretical models 
allow a complete understanding of the information present in an experimental spectrum. In medium-to-large systems (more 
than twenty atoms), such as most organometallic ones, very accurate calculations are not feasible due to the computational 
cost. Thus, the best methodology for the systems should be carefully chosen on the base of the dimension and topology of the 
systems. A balance between the needs for reasonable computational costs and accuracy can be achieved on several aspects, 
like the electronic structure calculation methods or the model used for the simulation of the spectra. For the former, for in-
stance, a tailored multilevel schemes can be designed, such as only some of the needed quantities are computed at a high-
level of theory. Regarding the latter, in literature, electronic spectra calculations are still mainly based on approximated 
approaches, where broadening effects are usually added to electronic spectra using symmetric broadening functions, such as 
Gaussian or Lorentzian distribution functions. However, all electronic spectra band-shapes are the result of the convolution 
of vibronic transitions, giving in general highly asymmetric band-shapes, both in low and in high-resolution spectra.[4] This 
aspect is even more critical for chiroptical spectroscopies (such as electronic circular dichroism ECD and circularly polar-
ized luminescence CPL) due to their high sensitivity and the possibility of sign changes.[5,6] Consequently, a reliable simu-
lation of the electronic spectra should take into account the effects of the molecular vibrations. Here, we present some exper-
imental and computational results about the electronic chiral spectroscopic properties of transition metal complexes (ECD 
and CPL), for which different vibronic models have been tested. 
References: 
[1]       E. C. Constable, Chem. Soc. Rev. 2013, 42, 1637–51. 
[2]       P. Göbel, F. Ritterbusch, M. Helms, M. Bischof, K. Harms, M. Jung, E. Meggers, Eur. J. Inorg. Chem. 2015, 2015, 1654–1659. 
[3]       V. Barone, Wiley Interdiscip. Rev. Comput. Mol. Sci. 2016, 6, 86–110. 
[4]       J. Bloino, A. Baiardi, M. Biczysko, Int. J. Quantum Chem. 2016, 116, 1543–1574. 
[5]       Bloino, J.; Biczysko M.; Santoro, F.; Barone, V. J. Chem. Theory Comput. 2010, 6, 1256 















Nuclear Applications Sessions 
Nuclear	App	
(Thu.	15th	of	June,	h.	14.15-16.30)	
Evaluation of corrosion on materials at the Y-12 Nuclear Security 









Oak Ridge National Laboratory, Oak Ridge, TN, USA;  
 B
Y-12 Nuclear Security Complex, Oak Ridge, TN, USA;  
*martinm1@ornl.gov
ABSTRACT: The focus of this fundamental research is to examine and determine corrosion on nuclear materials present at 
the Y-12 Nuclear Security Complex site.  This has been determined by identification of elements such as hydrogen and oxy-
gen on the material surface using a hand-held laser-induced breakdown spectroscopy (LIBS) instrument. The hand held 
LIBS instrument was obtained from the company SciApps and the model SciApps Z500 was used to obtain the data that is 
shown in this presentation. This instrument has a unique software.  The excitation laser is an Nd-YAG solid state laser which 
is operated at the fundamental frequency of 1532 nm.  The output energy per pulse is 5mJ.  Initially commercially available 
alloys used as reference samples were tested with using the hand-held instrument.  This was used to determine calibration 
curves for each of the major element that was present in the reference alloy.  Materials of interest such as Uranium metal, 
uranium hydride (UH3), and Uranium Oxides (U3O8 and UO2) were tested in a glove box in order to identify the constituents 
related to corrosion within the materials such as the presence of elements such as hydrogen and oxygen.  In summary, cali-
bration curves of alloys will be presented and real radioactive specimens LIBS data will be shown.   The objectives of using 
this hand-held LIBS technology is 1) to demonstrate the viability of this technique for a variety of nuclear materials identifi-
cation and inventory, and  2) to use this information to fingerprint the presence of elements (hydrogen and oxygen) related to 
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ABSTRACT: After the ground-breaking work on LIBS by Los Alamos National Laboratory in the 1980s, Oak Ridge National 
Laboratory (ORNL) became the second nuclear laboratory in the United States to promote LIBS as a versatile analytical 
tool for nuclear applications.  Although ORNL’s applications of LIBS to environmental problems is more widely published, 
several demonstrations of LIBS for nuclear-specific applications have been conducted at ORNL over the past 20 years.  This 
ORNL experience will be reviewed including unpublished data on a high-level radiochemical process solution, a customized 
low-power laser scriber system installed in a glove box, and laboratory analyses of nuclear fuel and related materials using 
sealed sample cells.  Potential applications of LIBS as a “faster and cheaper” analytical tool to a range of challenging nu-
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ABSTRACT: Although not a concern in the present day tokamaks, to ensure safe operation of the next generation 
thermonuclear reactors like ITER (under construction in Cadarache, France) it is of fundamental importance to constantly 
monitor the content of tritium within the vacuum chamber. In fact,  if one consider the need for an extended duty cycle of the 
next devices, ex-situ techniques will no longer be useful for monitoring of plasma facing components, so alternative methods 
are under study.  
   Among them, laser-based methods are under intense investigation [1] and LIBS is currently a promising candidate 
because of its prerogatives like sample preparation-free measurements, broad elemental coverage, including lighter 
elements, such as D, T, Be, in-situ- remote capabilities and thin-sample analysis (down to micrometric layers) without or 
reduced substrate interference.  
   In this contribution we present the development of a remote LIBS system to be applied to on the Frascati Tokamak 
Upgrade (FTU) fusion device, located at ENEA Frascati, capable to monitor the elemental composition, including retained 
deuterium, of the metallic components of the vacuum vessel. As next step, a new LIBS apparatus is planned to be realized on 
a robotic manipulator which will enter FTU vacuum vessel and monitor the erosion/deposition processes on large areas, 
during the maintenance shut-down period when the chamber is filled with inert gas (N2, Ar) at near atmospheric pressure. 
This application is intended to pave the way for a LIBS apparatus capable of tritium cartography in ITER. 
[1] R. Fantoni,  S. Almaviva , L. Caneve, F. Colao, G. Maddaluno, P. Gasior, M. Kubkowska, “Hydrogen isotope detection 
in metal matrix using double-pulse laser-induced breakdown-spectroscopy”, Spectrochim Acta B, 29 (2017) 8–13. 
 
KL26
Analysis of Separation Processes for the Production of Radioisotopes 
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ABSTRACT: Oak Ridge National Laboratory routinely produces a wide range of radioisotopes to meet the needs of both 
national and international communities. A prime example is the production of 
249
Bk, which is used as a target material for 
the discovery of super heavy elements, such as the recently named element Tennessine with atomic number 117. Oak Ridge 
National Laboratory’s Radiochemical Engineering Development Center plays a key role in the production of these 
radioisotopes by performing radiochemical processing operations. A critical aspect of these operations is the routine 
quantitative elemental analysis of samples to determine the effectiveness of separations as well as impurities in the process. 
A Laser-Induced Breakdown Spectroscopy system is in use at the Radiochemical Engineering Development Center to explore 
techniques for quantitative elemental analysis of samples relevant to radioisotope separation processes. Results from recent 
work on performing these types of analyses will be presented and discussed. This will include the quantitative analysis of 
europium and samarium in an aluminum oxide matrix using both univariate and multivariate approaches. 
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ABSTRACT: Mining and processing of uranium including transformations in the nuclear fuel cycle often is accompanied by 
their immobilization and translocation to the environment. Capability for direct rapid analysis of micro-size particles such 
as aerosols in the environment is therefore a powerful tool to monitor undeclared nuclear activity. The strength of particle 
analysis is that it allows detecting very small amounts of nuclear material exhibiting an undeclared forensic signature. In 
this work, size - resolved (Ø: 2.5µm, 4.5µm) analysis of individual aerosols sampled from a radiogenically stressed ambient 
(to mimic a uranium mine environment) was undertaken in the context of in-field nuclear forensics. Sampling was achieved 
using a low volume cascade impactor with Al as the impaction substrate. Average loads of 0.002 g per substrate were main-
tained to avoid particle agglomeration. This made it possible to visualize individual particles using imaging mode confocal 
laser Raman spectrometry (microspectrometry) equipped with two CW lasers (beam size 0.1µm) exciting at λ = 532 nm and 
λ = 785nm to detect and quantify the uranium. Conventional analytical techniques that are suitable for such tasks e.g. SEM, 
SIMS are invasive and involve tedious sample preparation. Although trace and ultra-trace quantitative Raman spectroscopy 
is not yet fully developed, confocal laser Raman spectroscopy (CLRS) has the potential. It is also noninvasive and capable of 
in situ molecular identification to micron level resolution hence giving in-depth tenacity of chemical information of a sample. 
However, the data obtained is normally multivariate, complex and hyperspectral hence posing interpretative challenges. To 
overcome these limitations, we coupled CLRS with machine learning techniques namely PCA (for uranium spectral feature 
selection and data dimension reduction) and ANN (based on newfeed forward and cascade backpropagation algorithms) for 
developing a multivariate calibration strategy to realize the quantification of uranium.  Standard uranyl nitrate and coating 
deposition on four substrates (Perspex, silicon wafers, glass and aluminum) were used to find out the one that best enhanced 







 all of which were assigned to the symmetric vibrational stretching of the U-O bond. These may be considered as nuclear 
forensic signatures for identification of uranium-bearing nuclear materials and hot aerosols in the atmosphere. Using fea-






were utilized simultaneously for quantification purposes. The R
2
 
value obtained was 0.96 with REP ≤10%. The limit of detection was found to be 43 ppb (for PM4.5.) Validation of the analyt-
ical method for quantitative analysis was done using a synthetic membrane standard based on the IAEA-RGU 1 certified 
reference material and the accuracy found to be ≤10%. Depending on the sampling location, the concentration of uranium in 
the  aerosols  ranged 50-200 ppb, being more  enriched in the 4.5 µm  compared to the 2.5 µm size fraction, which shows the 
source of the uranium was mostly the immediate surrounding as opposed to long range transport to the study area.  PCA 
(based on loadings and score plots) classified the particles based on their sampling source fields. This is a powerful way to 
perform source attribution of nuclear materials exploiting the uranium Raman scatter peaks as nuclear forensic signatures. 
This work has also demonstrated the usefulness of machine learning enabled CLRS for rapid direct quantitative determina-
tion of radioactive contamination sources in the environment in the context of nuclear security and safeguards monitoring. 
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ABSTRACT: Tungsten and tungsten based layers (BeW, AlW,…) has been widely studied as candidate material for divertor 
plasma facing components in thermonuclear fusion devices. Calibration free laser induced breakdown spectroscopy (CF 
LIBS) seems to be the most suitable technique for "in-situ" calibration to quantify the retained fuel (deuterium and in future 
tritium) amount in W-based materials [1,2] as well as for "in-situ" elemental analysis of wall material of fusion devices 
[3,4]. This technique requires accurate determination of the electron density and temperature of the LIBS plasma. The use of 
W III lines in Saha-Boltzmann plot helps to more precise electron temperature evaluation [5]. The W III lines are mainly 
presented in vacuum UV range. The fuel retention evaluation in future ITER wall is planned to be realised at atmospheric 
pressure conditions so it means that the use of vacuum UV spectral range will not be possible. Tungsten has huge number of 
spectral lines in UV-NIR spectral range the probability of overlapping is quite high. Moreover, the atmospheric pressure 
LIBS provide higher ablation rate as low pressure LIBS. Higher particles densities at atmospheric pressure leading to the 
possible self-absorption phenomena. Simultaneous echelle type broadband spectroscopy and high resolution optical emis-
sion spectroscopy (OES) enable us to scan whole UV and partially visible spectral range provide the correct choice of non-
overlapped and non-self-absorbed W I-II lines, which is necessary for future fuel retention evaluation. Finally in order to 
test the choice of spectral lines we test the set of line on CF LIBS analysis of tungsten welding electrode (with small addition 
of other elements up to 2 %). The high-resolution (THR 1500, Jobin Yvon) and a broadband echelle type spectrometer 
(Mechelle ME5000, Andor Technology), both coupled with an iCCD camera (iStar DH734, Andor Technology) were used 
for the simultaneous measurements. The evaluation of the main plasma parameters (electron temperature and density) was 
studied as a function of different parameters (gate delay and width, laser fluence). [1] K. Piip, G. De Temmerman et al., J. 
Nucl. Mater. 47 (2015) 919 [2] A. Lissovski, K. Piip, L. Hämarik et al., J. Nucl. Mater. 47 (2014) 923 [3] R.  Fantoni,  S.  
Almaviva,  L.  Caneve,  F.  Colao,  A.M.  Popov,  G.  Maddaluno; Spectrochim.  Acta,  Part  B  87  (2013)  153–160 [4] M. 
Suchoňová, J. Krištof, M. Pribula, M. Veis, F.L. Tabarés and P. Veis, Analysis of LiSn alloy at several depths using LIBS, 
Fusion Eng. Des [5] M.Pribula, M.Suchoňová, A.Hakola, P.Veis et al, Physica Scripta, T167, 2016, Art. Nb. 014045 
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ABSTRACT: As an analytical technique, Laser Induced Breakdown Spectroscopy (LIBS) allows quick analysis to determine 
the composition of the target. Samples need little\no preparation, removing the risk of contamination or loss of analyte [1]. It 
is minimally ablative so negligible amounts of sample is destroyed, while allowing quantitative and qualitative results[1]. 
VUV-LIBS [2, 3], due to the abundance of transitions at shorter wavelengths [4], offers improvements over LIBS in the visi-
ble region, such as achieving lower limits of detection for trace elements and extends LIBS to elements\samples not suitable 
to visible LIBS. 
These qualities also make VUV-LIBS attractive for pharmaceutical analysis.  Due to success in the pharmaceutical sector 
molecules representing the Active Pharmaceutical Ingredients (API) have become increasingly complex.  
These organic compounds reveal spectra densely populated with carbon and oxygen lines in the visible and infrared regions, 
making it increasingly difficult to identify an inorganic analyte. 
The vacuum ultraviolet region poses a solution as there is much better spacing between spectral lines.  
VUV-LIBS experiments were carried out on Pharmaceutical Samples and Chemometric techniques were applied to analyse 
the samples [5-7]. The motivation for the application of these Chemometric techniques is the classification of analytes, al-





[1] R. Noll, LIBS Fundamentals and Applications Springer (2012) 
[2] X. Jiang, et al., Spectrochim. Acta B 86 (2013) 66 
[3] X. Jiang, et al., Spectrochim. Acta B 101 (2014) 106 
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Analysis of the roles of trace elements in malignant breast tumor 
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ABSTRACT:  The present study was intended to determine trace element in female dogs with malignant breast cancer. 
The mammary tumours were removed by simple mastectomy or regional mastectomy [5] with or without the superficial 
inguinal lymph nodes. The neoplasm tissue samples measured were collected during the routine surgical procedures 
performed. A total of 34 dogs with clinically evaluated diagnosis of malignant breast tumor. The canine patients were 
divided into three groups, complex carcinoma (n=25), tubulopapillary carcinoma (n=9) and healthy mammary glands 
as control group (n=10). Analyses were performed using Energy Dispersive X-Ray Fluorescence equipment. Our 
results suggest an increase in Fe concentration in malignant tumors, particularly in the complex carcinoma. To 
tubulopapillary carcinoma group the trace element predominant was Cu concentration confirming the hypothesis 
proposed in literature to humans which has indicated that Cu is cumulated in the neoplastic tumours of the mammary 
gland. 
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ABSTRACT: Tissue engineering corresponds to promising approach for the development of biological substitutes that re-
generate, maintain or restore the function of damaged tissue. Our objectives were to produce chitosan/hydroxyapatite scaf-
folds with different densities and to characterize three-dimensional structures based for use in biomedical applications. La-
ser-Induced Breakdown Spectroscopy (LIBS) is an experimental technique used to determination of trace elements constitu-
ents or present in the matter. In this work, we have used LIBS to verify position of incorporation of hydroxyapatite HA) in the 
scaffold. The experimental setup used a Q-switched Nd:YAG laser to be the laser source and equipped with an eight-channel 
model spectrometer which is wavelength range between 200 and 1100 nm. LIBS results obtained showed majority elements 
as Ca, P in different points of the samples, minor elements were analyzed. Scanning electron microscopy (SEM) and Atomic 
force Microscopy results indicated that the bone composite scaffolds produced have a well-defined structure with pore size 
of 100 to 300 µm.. 
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ABSTRACT: The archaeological investigation carried out at the Largo de Jesus archaeological site (Mercês, Lisbon) in 
2005, allowed the identification of several archaeological realities that trace the history of this area since the XVI
th
 century. 
Amongst these realities it is important to mention the discovery of a big housing area and the remains of a probable ceramic 
production area. During the excavation different archaeological artefacts were found such as common ceramics, glazed ce-
ramics, faiences (blue over blue, blue over white, white and black over white decorations), porcelains, glasses and bone dec-
orative objects. In particular, faience showed a considerable typological diversification. Questions about “How were these 
materials produced?” and “From were came the raw materials employed?” drove us to start a multi-analytical approach to 
answer these questions, focused mainly on this typology of glazed ceramic objects. 23 samples were selected and micro sam-
pled for the analysis of the clay matrix and also of the glazed decoration. Bulk analysis was performed using portable XRF 
spectrometer, mineralogical analysis were done by µ-XRD, while micro-structural analysis was performed on the glaze and 
on the ceramic body of the samples by SEM-EDS. Information about the trace element content on the glaze of the samples 
was obtained through micro-analysis using LA-ICP-MS. The knowledge about the trace elemental composition showed to be 
of extreme importance for elemental fingerprinting of the glaze decoration, leading us do distinguish and attribute the origin 
of the different studied artefacts. Preliminary analysis of lead isotopic composition was also tested in order to provide addi-
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ABSTRACT: Supramolecular coordination complexes (SCCs) offer new opportunities for improved drug delivery systems by 
well-defined internal cavities and relatively facile pre- or post-self-assembly functionalization. These properties augment the 
modularity of the directional bonding design strategy to provide structures with unprecedented fine-tuning possibilities, spa-
tially and electronically. 
A specific and attractive area of SCCs is the self-assembly of M2L4 (M = metal, L = ligand) metallacages, which can enclose 
a wide range of small molecules within their cavity, both ions and neutral molecules. Recently, our group investigated fluo-
rescent palladium(II) Pd2L4 cages (with L being exo-functionalized bipyridyl ligands) as drug delivery systems for cisplatin, 
which proved to be active in cancer cells, while showing low ex vivo toxicity in healthy rat liver tissue. The obtained metal-
lacages showed fluorescence properties due to the used ligand system. Similarly, exo-functionalized cages with naphthalene 
or anthracene groups, or featuring Ru(II) pyridine complexes, were studied with the aim to image their fate in cells via fluo-
rescence microscopy. With the aim of implementing supramolecular metallacages as drug delivery systems, we report the 
first example of bioconjugation of self-assembled Pd2L4 cages to the model linear peptide Ac-NLEFK-Am. 
The obtained results open the possibility of efficient bioconjugation of metallacages to peptides which could be extended to 
targeting moieties such as cyclic RGD peptides or affimers, and possibly also to antibodies. This opportunity is particularly 
attractive in the case of metallacages encapsulating anticancer drugs (e.g. cisplatin) in order to efficiently target them to 
cancer cells. Two approaches of bioconjugation of metallacages to peptides have been attempted, both based on amide bond 
formation between the carboxylic acid (or amine) serving as exo-functionalized ligand/cage and the amine (or carboxylic 
acid) groups of the model peptide side-chains. So far the best results were achieved with the approach where first the cou-
pling of the peptide to the ligands constituting the cages was performed, followed by in situ reconstitution of the Pd2L4 cages 
via self-assembly. Future research in our group will focus on tethering Pd2L4 cages to targeting peptides such as cyclic RGD 
peptide and to investigate the activity of the supramolecular-cisplatin bioconjugate in cancer cells and tissues. 
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ABSTRACT: Nanoporous gold (NPG) has attracted considerable interest for application in hererogeneous catalysis, elec-
trocatalysis, fuel cells and biosensing. NPG is fabricated by dealloying a gold alloy containing a less noble constituent, such 
as silver or copper, resulting in a three-dimensional sponge-like porous network structure with a nanopore size of 10-100 
nm. NPG has the merits of a large interface-to-volume ratio, good conductivity, ease of preparation and tunable pore size. It 
has been used as a catalyst for oxidation of simple molecules, for example the conversion of CO to CO2 and oxidation of 
methanol to formic acid. We have, for the first time, employed NPG for reactions of more complex drug molecules, with the 
aim of synthesizing drug metabolites of interest for pharmaceutical studies. 
A nanoporous gold catalyst was prepared by incubation of a 5×5×0.5 mm piece of gold alloy in concentrated nitric acid for 
24 h. The silver and copper in the alloy were mostly etched away, leaving behind a porous gold surface. Scanning electron 
microscope (SEM) characterization showed a homogeneous surface, with a nanopore size of 33.2±7.4 nm. With X-ray pho-
toelectron spectroscopy (XPS) the amount of silver was determined to be decreased from 30% to 6.8%, and no other ele-
ments were detected. Electrochemical measurements indicated that the active area of the porous gold was 174 times larger 
than a pure gold electrode with the same geometric area.  
The nanoporous gold surface was subsequently used as a catalyst for oxidative drug conversion. A high yield of N-
dealkylation was observed for the drugs lidocaine and metoprolol (93% and 99% respectively), and the reaction was highly 





 at 3 mM substrate concentration, air purging and a temperature of 60 °C. We are currently studying the reaction 
mechanism in more detail to determine the effect of the nanopore size, the residual silver amount and the role of oxygen. We 
are also studying more drug substrates to investigate the scope and selectivity of reactions that can be catalyzed by NPG.  
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Chemical characterization of a collection of metallic oil lamps from 
Gharb al-Andalus (Southern Portugal): An in-situ and non destruc-
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ABSTRACT: This paper presents the results of the chemical analysis carried out on a group of five oil lamps from the 
Islamic period (VIII-XIII century AD) found at different sites from Gharb al-Andalus (Southern Portugal). The analyzed 
artifacts are unique being the only metallic oil lamps known at the moment in the region. From a morphological point of 
view, they show affinities with objects found at Islamic sites both in the Iberian Peninsula and the Central Mediterranean, 
namely Sicily [1]. Thus, the oil lamps from Gharb al-Andalus could represent rare local productions or imported artifacts.  
Due to the exceptional nature of the analyzed oil lamps and also taking into account the brittleness of the artifacts, the 
chemical analysis was carried out according to a completely non-destructive approach. This was possible thanks to the 
recent development of a novelty spectroscopic protocol combining Energy Dispersive X-Ray Fluorescence Spectrometry 
(ED-XRF) with an open source Monte Carlo (MC) simulation algorithm named XRMC. Theoretical-experimental studies [2-
3] and recent case study applications [4] have shown that this protocol is able to determine the chemical composition of the 
bulk metal with no need to remove samples or clean small areas of the analyzed artifacts. In this paper, the data obtained 
through the ED-XRF/MC protocol served a twofold purpose: a) to characterize the alloys used to produce the oil lamps, and 
b) to assess whether their production could be identified as local or non-local. The study is part of the project “DE RE 
METALLICA - Defining and Rediscovering Metallurgy and Trade in AL-Andaluz (VIII-XIII century AD): Leaping into 
Innovative Comprehensive Archaeometric Approaches”,funded by the Portuguese Science Foundation (FCT-MCTES) 
through the grant SFRH/BPD/111039/2015 (CB). The work was also funded by FEDER funds through the COMPETE 2020 
Programme, Portugal2020 and by National Funds through FCT under the projects UID/Multi/04449/2013 (POCI-01-0145-
FEDER-007649) (HERCULES Lab/UÉ), UID/HIS/00057/2013 (POCI-01-0145-FEDER-007702) (CIDEHUS/UÉ) and 
UID/CTM/50025/2013 (i3N/CENIMAT). 
 
[1] E.-M. Kemnitz. Candis da colecção do Museu Nacional de Arqueologia. O Arqueólogo Português. 1993/94. S. IV, 11/12: 
427-472.  
[2] A. Brunetti, B. Golosio, T. Schoonjans, P. Oliva. Spectrochim. Acta B. 2015. 108: 15-20. 
[3] A. Brunetti, B. Golosio Spectrochim, Acta B. 2014. 94-95: 58-62. 
[4] C. Bottaini, J. Mirão, M. Figueiredo, A. Candeias, A. Brunetti, N. Schiavon. Spectrochim. Acta B. 2015. 103-104: 9-13. 
 
Poster Session I - PP7
 Nuragic votive swords from Sardinia (Italy): assessing alloy’s com-









POLCOMING Department, University of Sassari; 
B
Dipartimento di Storia, Scienze dell’uomo e della Forma-




ABSTRACT: Within the different typologies of metal weapons produced by the Nuragic civilization (Sardinia, Italy), from an 
archaeological perspective, the so-called votive swords show peculiar characteristics. The size of the blade is narrower and 
longer than usual [1-5] and their alloy composition makes them unsuitable for fighting. They appear to be religious objects. 
By determining their chemical composition information can be gained on the provenience and the production technology. 
However, the presence of thick and rough superficial patinas on alloy  surfaces makes this analytical task difficult. In this 




[1].LILLIU G. 1982. La civiltà nuragica, Roma. 
[2].LO SCHIAVO, F., MADDIN, R., MERKEL, J., MUHLY, J. D., STECH, T. 1990. Analisi metallurgiche e statistiche sui 
lingotti di rame della Sardegna-Metallographic and statistical analyses of copper ingots from Sardinia. Quaderni 17, Ozieri, 
Il Torchietto.  
[3].LO SCHIAVO, F. 1996. Bronzi di età nuragica dalla Gallura. In CAPRARA, R., LUCIANO, A., MACIOCCO, G. (eds), 
Archeologia del Territorio, Territorio dell'Archeologia. Un sistema informativo territoriale orientato sull'archeologia della 
regione ambientale Gallura. Sassari, Carlo Delfino, pp. 65-80. 
[4].LO SCHIAVO, F. 2015. Il tesoro delle spade votive: Su Scusorgiu di Villasor, Quaderni della Soprintendenza di Cagliari 
e Oristano, 25/2014, pp. 133-172. 
[5].LO SCHIAVO, F. 2016. Ancora sulle spade votive: il complesso dal nuraghe S’Iscolca di Ozieri. In MANGANI E., 
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ABSTRACT: This lecture will focus on proteins and on one of the most common spectroscopic method employed to study 
their conformation, Fourier Transform Infrared Spectroscopy (FTIR).  Proteins are amino acid polymers responsible for 
implementing instructions contained within the genetic code.  Each protein formed in the body participates in processes that 
characterize the individuality of cells, tissues, organs, and organ systems. A typical cell contains thousands of different pro-
teins, each unique in its own structure and function.  Protein function depends of their structure.  FTIR spectroscopy allows 
us to investigate protein structure in term of percentage of protein secondary structure (α-helices, β-structures, random coil), 
as well as to evidence structural changes caused by unfolding processes, protein-protein interactions and interaction with 
small molecules, aggregation processes due to their “misfolding”.  An example on the application of FTIR to the study of 










Two paintings, similar gold leaf manufacturing? 
Nondestructive determination of gold leaf thickness in panel 
paintings 
	
Vanessa AntunesA,B*, Vitor SerrãoA, António CandeiasC,D, José Mirão D, Maria L. CarvalhoB, 
Sofia PessanhaB,  Natasha FernandesF, Marta MansoB,G 
 
AARTIS-Instituto História da Arte, Faculdade de Letras, Universidade de Lisboa (ARTIS-FLUL), 
Alameda da Universidade, 1600-214 Lisboa, Portugal; BLIBPhys-UNL, Laboratório de 
Instrumentação, Engenharia Biomédica e Física da Radiação, Departamento de Física, Faculdade de 
Ciências e Tecnologia, Universidade Nova de Lisboa, 2829-516, Caparica, Portugal;CLaboratório José 
de Figueiredo, Direcção-Geral do Património Cultural (LJF-DGPC), Rua das Janelas Verdes 37, 1249-
018 Lisboa, Portugal; DLaboratório HERCULES, Escola de Ciências e Tecnologia, Universidade de 
Évora, Largo Marquês de Marialva 8, 7000-676 Évora, Portugal;E	CHAIA- Centro de História da Arte 
e Investigação Artística, Palácio do Vimioso, Largo Marquês de Marialva, nº8, 7002-554 Évora; F 
Museum of Christian Art,Convent of Santa Monica, Old Goa, Goa; G Faculdade de Belas-Artes, 





ABSTRACT: This work compares the gold leaf employed in two paintings in order to understand their original 
manufacture. The two paintings,	from the 18th century, concern the same series but different themes: Our Lady 
of Sorrows and Our Lady of Seven Sorrows. Framed with flowers and hanging coloured striped ribbons in a 
black background, with the Virgin in the center, these paintings are inspired by baroque Portuguese models [1, 
2]. The panel paintings are polychrome and gilt, being nowadays in Museum of Christian Art, Convent of Santa 
Monica, Old Goa, Goa. A third painting was found in the collection of Xavier Centre of Historical Research, 
Porvorim, Goa, being probably from the same series. When comparing the thickness measures of the three 
paintings we can find similar values between the paintings, showing a probable relation to the same series. The 
aim of this study is to compare the gold leaf thickness in different paintings from the same period and series. 
Using energy dispersive X-ray fluorescence and comparing the attenuation of the different characteristic lines of 
gold measured in different parts of the gold leaves [3, 4]. To perform this study, the materials were analyzed 
also by Scanning Electron Microscopy with Energy Dispersive X-ray Spectroscopy in one sample taken from 
each gold leaf painting in order to confirm the thickness results obtained by energy dispersive X-ray 
fluorescence technique. This research brought a new insight to the study of thickness in gold leaves when 
applied in paintings with a noninvasive technique. The use of this methodology will contribute to the knowledge 
of the painting technique and preservation of paintings when concerning the determination of gold leaf thickness 
manufacturing. 
[1] M.F. Matias, M.H.M. Pinto, J. Blanco, M.F.P. Leite, J. Weightman, M.D.D. Newitt, J.B. Cherry, Museu de 
Arte Sacra Indo-Portuguesa de Rachol, Fundação Calouste Gulbenkian, 2003. 
[2] V. Serrão, Josefa de Óbidos e o tempo barroco, Instituto Português do Património, Lisboa, 1991. 
[3] S. Pessanha, M. Guerra, S. Longelin, A. Le Gac, M. Manso, M.L. Carvalho, Determination of gold leaf 
thickness in a Renaissance illumination using a nondestructive approach, X-Ray Spectrometry, 43 (2013) 79-82. 
[4] S. Pessanha, T.I. Madeira, M. Manso, M. Guerra, A. Le Gac, M.L. Carvalho, Comparison of gold leaf 
thickness in Namban folding screens using X-ray fluorescence, Applied Physics A, 116 (214) 1053-1058. 
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ABSTRACT: Among the most successful applications of LIBS in the industry is the analysis of metal alloys and steel, mainly 
due to the rich information in the emitted spectra from minor and major constituents of the alloys, and the possibility of 
online, remote, and automated analysis. This open the possibility of applications such as online quality monitoring of steel 
production [1] or automated metal scrap sorting [2]. For these tasks, the raw spectra should be processed and transformed 
into meaningful information, such as composition, quality deviations or detection of valuable, toxic or specific elements, and 
several chemometric or artificial-intelligent based techniques have been proposed [3]. All these approaches should cope 
with the possibility of long-term wavelength decalibration of the spectrometer, especially for low-cost CCD spectrometers 
and in the tough manufacturing environment. 
In this work, we report on the automatic classification of steel alloys samples based on their LIBS spectra generated with a 
Nd:YAG laser @ 1064nm and captured in the 240-518nm spectral range. The samples have been manufactured in a levita-
tion melting induction furnace and contains different known percentage of single elements in iron: C, P, Mo, S, Mn, Cr, Cu, 
Sn, Si, Ni, and Al. The thousands of LIBS spectra collected from each sample have been used to train a deep autoencoder 
neural network [4] to perform the classification, and performance numbers have been obtained. As only the raw spectra with 
no peak identification or modelling have been passed onto the classifier, the classification rate decrease significantly if data 
from experiments in different days with small wavelength decalibration is used to validate the trained network. To ensure the 
long-term operation in a real application, several approaches have been tested, among others: periodic auto-recalibration 
based on the iron emission lines, data augmentation with purposely decalibrated spectra for the network training or Bayesi-
an estimation of the deviations on the calibration function on a fully Bayesian approach. Results show the robustness of the-
se approaches. 
 
[1] NOLL, Reinhard, et al. Laser-induced breakdown spectrometry—applications for production control and quality assur-
ance in the steel industry. Spectrochimica Acta Part B: Atomic Spectroscopy, 2001, vol. 56, no 6, p. 637-649. 
[2] GURELL, Jonas, et al. Laser induced breakdown spectroscopy for fast elemental analysis and sorting of metallic scrap 
pieces using certified reference materials. Spectrochimica Acta Part B: Atomic Spectroscopy, 2012, vol. 74, p. 46-50. 
[3] HAHN, David W.; OMENETTO, Nicoló. Laser-induced breakdown spectroscopy (LIBS), part II: review of instrumental 
and methodological approaches to material analysis and applications to different fields. Applied spectroscopy, 2012, vol. 66, 
no 4, p. 347-419.  
[4] HINTON, Geoffrey E.; SALAKHUTDINOV, Ruslan R. Reducing the dimensionality of data with neural networks. sci-
ence, 2006, vol. 313, no 5786, p. 504-507. 
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ABSTRACT: This paper describes the use of a multi-analytical non-invasive approach carried on a Jewish ritual parchment. 
The manuscript, undated, belonging to a private collection, was found in a precarious state of conservation probably due to 
improper storage conditions. In order to evaluate the state of degradation, the surface and interior of the parchment scroll 
were examined using Multi- and Hyperspectral Imaging, Fourier Transform Infrared (FTIR) Spectroscopy and X-ray Fluo-
rescence (XRF). Spectral imaging allowed identification and mapping of the various stages of intervention that the manu-
script went though, marks of previous conservation interventions, as well as highlights regarding specific forms of degrada-
tion and their distribution within the surface of the manuscript. Results of the FTIR analyses offered an in depth view regard-
ing the deterioration rate of the collagen material, denaturation of proteins being observed mainly via the Amide II band 
shift towards lower wavenumbers. In addition, information regarding the preparation of the parchment itself was obtained, 
the presence of calcium carbonate being assessed in all analyzed areas. Regarding ink chemical composition, XRF analysis 
shows Fe, Mn, S, K and Cr as major elements, while spectral features from the hyperspectral data, combined with laboratory 
samples, points towards a carbon black ink mixed with iron gall. The results of the combined analyses shows a highly heter-
ogeneous matrix, with various level of oxidation of the polypeptide chain, with darker and ink areas showing a higher degree 
of degradation, possible as a result of ink oxidation and/or interaction of the ink components with the collagen fibres. Inter-
esting details are given by registered X-ray emission lines of Ag and Cu, higher within the darker areas, as well as traces of 
Zn, the presence of these elements raising questions about the history of the object, manufacture technique and past conser-
vation treatments. 
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ABSTRACT: The Portuguese navigator Diogo Cão first came into contact with the Kongo kingdom when he reached the 
mouth of the Congo River in 1483
1
. Contact with the Portuguese had a huge impact in the Kongolese society, and many Por-
tuguese practices were readily adopted, especially religion and literacy
1,2
. The oceanic trade routes introduced by the Portu-
guese in the end of the 15
th
 century also allowed a massive influx of European manufactured goods, such as glass beads, 
ceramics and fire arms
3
. The glass beads, used as adornments or amulets, were a symbol of wealth, social status and politi-
cal, cultural and religious affiliation
3,4
. This makes the study of European trade beads particularly important since it can 
shed light on economic interactions and consumption patterns on a chronological level
3
. 
A collection of over 3000 glass beads were recovered during the 2015 excavation campaign in the ruins of the Church of 
Kulumbimbi (formerly known as Cathedral of São Salvador), Mbanza Kongo, Angola. The current name Kulumbimbi, which 
originated in the Oral Traditions, means “what remained of the ancestors” in Kikongo
5
. 
In order to determine the composition of these glass beads, a multi-analytical minimally invasive methodology was applied, 
which includes handheld X-ray fluorescence (hXRF), micro X-ray diffraction (µ-XRD), variable pressure scanning electron 
microscope coupled with energy dispersive X-ray spectrometry (VP-SEM-EDS), micro-Raman spectroscopy and laser abla-
tion inductively coupled plasma mass spectrometry (LA-ICP-MS).  
The results were interpreted considering probable provenance, raw materials used and technology available in the produc-
tion of these artefacts. Especial effort was made to understand the processes of glass colouring and opacification. 
 
1
J. Thornton, History of Africa, 1981, 8: 183-204.; 2C. M. Radulet, O cronista Rui de Pina e a "Relação do Reino do Congo": 
manuscrito inédito do "Códice Riccardiano 1910". Comissão Nacional para as Comemorações dos Descobrimentos Portu-
gueses, Casa da Moeda, Lisboa, 1992.; 
3
C. R. DeCorse, F. G. Richard, and I. Thiaw, Journal of African Archaeology, 2003, 
1 (1): 77-107.; 
4
L. F. Stine, M. A. Cabak, and M. D. Groover, Historical Archaeology, 1996, 30(3): 49-75.; 5P. Batsîkama, 
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ABSTRACT: Widely used in the Big Data
1
, medical diagnosis², archeology
3
 or text classifications, the Bayesian Inference 
(BI) are taking a higher importance recently. However, it is still unknown in many communities including the LIBS commu-
nity. The Bayesian Naïve Classification (BNC) is based on the BI and works as a linear classifier which provides a strong 
independence of the hypothesis. In this case, the aim of this classification is based on the maximum likelihood estimation. 
The Bayes theorem (1) derives the posterior probability as a consequence of two antecedents, a prior probability and a ‘like-
lihood fonction’. And then so the BNC adds a classifier of the maximum a priori.   
P(H|E) = [ P(E|H).P(H) ] / P(E)     (1) 
The interest of the BNC is that despite a simple algorithm, it is known to obtain surprising results. The goal of this work is to 
determine if the BNC can be applied to the LIBS spectra and to describe the possibilities and the limits.  
To adapt this method to the LIBS spectra we used the approach explained shortly here after. For each reference material, we 
treated several spectra in order to extract for each peaks of interest, its average value and its standard deviation. In a simi-
lar way, we extracted the intensity of the same peaks in the spectrum of the unknown material. Then for each peak we deter-
mined the probability that the value of the peak of the unknown material relates to the normal probability distribution of this 
peak of a reference material. And we repeat the process for each peak and then for each material of reference. The product 
of these probabilities is the posterior probability. Later, we classify the results of the references materials based on the max-
imum a priori.  
Among the multiple strengths of the BNC, we count the simplicity of the algorithm and the multiple opportunities (e.g. high-
est posterior density for quantification with few data) we could implement in the future. We also know that it can’t reach the 
success rate of classification of neuronal networks, nevertheless to treat quickly big data files of millions of spectra and tens 
of peaks of interests, the BNC should be a promising approach.  
Here we will present the results given by one of the several implementations we are working on and we will discuss about the 
multiple interests of the BI. 
 
References:  
1 Gelman, A., et al., Bayesian data analysis (Vol. 2), 2014. 
2 Nikovski, D., IEEE Transactions on Knowledge and Data Engineering, 12(4), 509-516, 2000. 
3 Buck, C. E. et al. Wiley, 1996 
 






The source of the building stones from the Sagunto Castle archaeo-
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ABSTRACT: A multidisciplinary study was carried out on the building stones of the masonries belonging to the Castle of 
Sagunto (Valencia, Spain), an important historical and archeological complex, characterized by several construction phases 
from the Roman Period to the Modern Ages. For the first time, the stones of the Sagunto Castle have been analysed to de-
termine their chemical, mineralogical and petrographic features, the main physical and mechanical properties, and to un-
derstand their decay, use and recycling dynamics in the different building during the entire occupational period. Geochemi-
cal and mineralogical analyses employing X-ray fluorescence (XRF), inductively coupled plasma mass spectrometry (ICP-
MS) and X-ray diffraction (XRD) were carried out together with optical and electronic microscope analysis to observe the 
stone macro- and micro-structures. The collected data were processed by Principal Component Analysis (PCA) to highlight 
differences among the studied structures. The results show that the stones employed to build Sagunto`s structures during the 
different historical periods are related to a specific quarried area located nearby Sagunto Castle hill and differences be-
tween the studied samples are mostly related to the conservation state of the buildings. Therefore, geochemical analyses con-
firm the origin of the raw materials, while petrographic and physical analyses have been useful to evaluate the conservation 
state of the studied Sagunto Castle structures. 
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ABSTRACT: This work investigates the possibilities of high-resolution continuum source graphite furnace molecular absorp-
tion spectrometry for the direct determination of Cl in solid samples via the CaCl molecule and measurement of its molecu-
lar absorption. The method proposed is based on addition of 400 µg Ca as molecule-forming reagent and of 20 µg Pd as 
chemical modifier, which helps to stabilize the analyte and enhances sensitivity.  
The molecular spectrum for CaCl offers different lines with different limits of detection and linear ranges, which permitted to 
analyze solid samples with different Cl contents. The lowest limit of detection (0.75 ng Cl, corresponding to 0.75 µg g
-1
 for a 
typical sample mass of 1 mg) could be achieved by combination of three of the most sensitive lines in the vicinity of 620.862 
nm, while the amplest linear range (up to 860 ng Cl) was achieved by selection of the less sensitive line at 377.501 nm.  
The method developed enabled the direct determination of Cl in solid samples using simple external calibration with aque-
ous standards. Good precision (5–9% RSD) and accuracy was attained in a series of certified samples of very different na-
ture (i.e. coal, iron oxide, polyethylene, human hair, pine needles, rice flour and milk) and with very different Cl contents, 
ranging from about 50 µg g
-1
 to 1% (w/w) Cl. The method appears as particularly useful for Cl determination in samples 
with elevated Ca contents, for which biased results with other diatomic molecules, such as AlCl or SrCl, may be obtained.  
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ABSTRACT: It is well recognized that a large number of pulmonary diseases are induced by the effects of particulates in the 
inhalants [1]. As effect of environmental or occupational exposure, lung can present anthracosis, which is the condition oc-
curring when carbon and other dust particles are found as a black pigment in the lung tissue and in the related lymph nodes. 
Carbon or coal dust pigment is virtually a ubiquitous air pollutant of urban life, so that such an asymptomatic accumulation 
can be found in varying degrees among most urban dwellers and in tobacco smokers. Since human health is progressively 
exposed to an increasing number and doses of anthropogenic nano/ultrafine compounds (particles), there is a pressing ur-
gency to explore toxicological impact arising from these exposures and the molecular mechanisms driving the body defense 
or possible related diseases. The toxicity mechanisms are clearly related to chemical composition and physical and surface 
properties of materials. A combination of nano X-ray fluorescence imaging and soft X-ray microscopy was used to chemical-
ly characterize environmental particulates (anthracosis) in lung tissues from urban subjects. High-resolution XRF analyses 
performed at ESRF [3] and Elettra [4] synchrotrons allowed to discriminate single particles in the heterogeneous aggre-
gates found in the lung tissue. The small particles have variable composition resulting from the different combinations of Ti 
with O, K and Si, Al and Si, or Zn and Fe with O. Interestingly, simultaneous absorption and phase contrast images showed 
the particulate morphology and allowed to predict the presence of very dense nanoparticles or high concentration of heavy 
elements. 
[1] L. Pascolo et al. Scientific Reports 5, 2015, Article number: 12129. 
[2] L. Pascolo et al. Toxicology Letters, 241, 2016, 111–120. 
[3] G. Martınez-Criado et al. J. Synchrotron Rad. 19, 2012, 10–18. 
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ABSTRACT: The study of the pigments and degradation products of the decorative motifs painted on marble in the entrancy 
of the Room of the Shiplocated in the Palace of Comares in the Alhambra complex (Granada, Spain) has been approached 
using Raman spectrometry.The Alhambra, declared UNESCO World Heritage, is a monumental ensemble  
representative of the Moslem architecture and its wonderful decorations. It was a fortress, citadel and the palace area to 
give residence to the sultans of the Nasrid dynasty initially (XIII
th 
century until Christian conquer) and to the Christian mon-
archylater (XV
th
+9century).For this purpose, both in-situ analysis and subsequent analysis of samples in the laboratory to 
complete the results obtained in situ, have been performed, by using either a 785 nm excitation source with the portable Ra-
man spectrometer and a 785 nm and 514 nm with the laboratory Raman instrument. 
This study was performed during a cleaning intervention. The polychromy of the revetment appeared hidden by a dirty layer 
where calcite (CaCO3) and gypsum (CaSO4·2H2O) were identified during the in situ study. Only in some parts, characteristic 
Raman spectra of cinnabar (HgS) was detected in dirty areas. In the clean areas spectral bands of cinnabar and also minium 
(Pb3O4)frequently appeared mixed. Azurite (Cu3(CO3)2(OH)2)and natural lapis lazuli, were identified in the blue decora-
tions. Moreover, during the analysis in the laboratory, a degradation product as calcium oxalate (CaC2O4) was found prob-
ably coming from the organic glues. However, the intense signals of both pigments and alteration products do not allow to 
appreciate the own bands of binders. 
On the other hand, a study of the influence of the causes of aging and the nowadays cleaning procedure above the Raman 
spectrum of the polychromy was performed. For this, a simulation in a plaster support was carried out using the more com-
mon pigments and binders found in the Alhambra decorations. Different aging and cleaning process were applied and finally 
measured with Raman spectroscopy. 
In conclusion, Raman spectroscopy has allowed a good identification of the pigments and degradation products even when 
the artistic piece is very dirty and aged or has been subjected to cleaning processes. 
 
Acknowledgments: This work was financed by the research projects BIA2013-41686-R (Spanish Ministry of Economy and 
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ABSTRACT: A calibration model in attempt to enhance LAMIS for its viable capabilities in sensitivity (down to ppm) and 
discrimination in isotopic analysis is presented here. The radiative transitions from molecular species along with the gener-
ated single shot spectra of zirconium particles ranging for 45-200 µm in diameter was dispersed on the surface of a silica 
substrate were used as the predictors for the model. For the analyte(s) of interest, the generated plasma using a Q-switched 
1064nm Nd:YAG excitation laser has been examined for their ZrO molecular bands. To ensure single particle spectra, the 
laser beam was focused to spot size of 100 µm on the sample and a CCD system was employed for imaging single particle 
and laser interaction. A minimum of four band heads in the α , β , γ and Ultraviolet system transitions have been identified. 





Zr detected via LAMIS.  
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Archaeological and Climatic data from elemental ratios using rapid 
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ABSTRACT: The chemical composition of carbonate shell from palaeoecological and archaeological assemblages is labori-
ous to analyse, yet the information that is locked within the tens of thousands of shell deposits worldwide contains valuable 
insights on past environments and human ecology. At present, studies struggle with the acquisition of sufficient amounts of 
data to make robust interpretations. Large amounts of information is inaccessible due to costly and time-intensive tech-
niques, resulting in small, unrepresentative studies and a lack of comparability between them. Here we aim to develop the 
technique of Laser Induced Breakdown Spectroscopy (LIBS), which will allow rapid chemical analyses of carbonates, in-
creasing the cost efficiency by a factor of 20, resulting in more comprehensive datasets. We apply the technique to various 
molluscan species around the world, to develop a rapid and affordable method and to globally advance the reconstruction of 
climate change, exploitation of coastal resources and human-landscape interactions. Similarly, the lower costs and higher 
speed of sample acquisition enables an extensive multi elemental analysis of shell structures of a larger set of mollusc speci-
mens and may give insights into the mechanisms of shell carbonate precipitation. 
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ABSTRACT: Fourier transform infrared (FTIR) spectroscopy in different methodological variants has been increasingly 
applied since its ‘early days’ up to now for structural molecular-level characterisation of diverse biological materials, from 
simple organic and biological molecules to biomacromolecular substances, biomaterials, cells and tissues. Structural char-
acteristics of samples under study in FTIR spectra are provided by various vibrational modes related to virtually all func-
tional groups of molecules, as well as to all inter- and intramolecular interactions which noticeably modify bond lengths 
and/or energies.  
One of the conventional methodologies in FTIR spectroscopy, which has been used since early days of the technique, in-
volves grinding and/or pressing a small amount of a dry solid sample with powdered IR-transparent materials such as halide 
salts, with KBr being the most widely used. However, it might be expected (as has been mentioned in some experimental re-
ports; see, e.g. [1,2] and references reported therein) that the highly polar halide-salt matrix, when used for pressing the 
powdered sample under study in a pellet for FTIR spectroscopic measurements, could affect the state of polar moieties and 
systems of H-bonds (which often determine the structure, properties and biological functions of native biomacromolecules), 
leading to a slight but noticeable FTIR band shift (even for intramolecular H-bonds).  
In this work, in order to address this methodological problem related to biological samples, a set of experimental data ob-
tained by FTIR spectroscopy (involving the use of samples pressed with KBr or NaCl, i.e. in polar halide matrices) and by 
transmission FTIR or diffuse reflectance infrared Fourier transform (DRIFT) spectroscopic methodologies (involving meas-
urements of thin films or pure powdered samples, respectively) were compared for several different biopolymers. The sam-
ples under study included: poly-3-hydroxybutyrate (PHB), a reserve biopolyester accumulated by bacteria as intracellular 
granules under unfavourable conditions (isolated from cell biomass of the rhizobacterium Azospirillum brasilense); dry 
PHB-containing bacterial biomass; pectin (plant carboxypolysaccharide obtained from apple peel) and its chemically modi-
fied derivative obtained by partial esterification of its galacturonide-chain hydroxyl moieties with palmitic acid [1]. Signifi-
cant shifts of some FTIR vibrational bands related to polar functional groups of all the biopolymers under study, induced by 
the halide matrices used for preparing the samples for spectroscopic measurements (as compared to FTIR or DRIFT meas-
urements without using KBr), were detected in FTIR spectra. The results obtained have important implications for correct 
structural analyses of polar or amphiphilic biopolymers using different methodologies of FTIR spectroscopy. 
 
Acknowledgement. This study was supported in part by The Russian Foundation for Basic Research (Grant 16-08-01302-a). 
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ABSTRACT: In 1994, a large set of anthropological artifacts of great international significance was discovered in Vác, 
Hungary. A secret crypt, that had been bricked up for over 200 years, was found in the Dominican Church of the city. The set 
of artifacts includes 265 hand-painted coffins which contain bodies naturally mummified due to the temperature and aridity 
existing in the crypt. These mummies, as well as their accessories, were the subject of several anthropological investigations 
over the years [1, 2, 3]. 
The goal of the present study was to investigate the trace elemental distribution in hair strands from these mummies by Laser 
Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS). Such chemical anthropological studies can provide 
information about the living conditions, dietary intakes, medical treatments, etc. of the mummified persons. This is the first 
such research on this set of artifacts. The analysis was carried out by using an Agilent 8800x triple quad ICP-MS spectrome-
ter coupled to an ESI-NWR laser ablation unit operating at 213 nm wavelength. Measurements with lateral and depth reso-
lution were conducted on six samples. The distribution of Cu, Zn, Sr, Hg, Pb, Al, Fe, As and Ag elements were studied. The 
average concentrations in the samples were also assessed after solid calibration using a recent hair sample, the elemental 
composition of which was determined by solution-mode ICP-MS analysis following acid digestion. 
In our contribution, we discuss the problems associated with sample preparation and the optimization of measurement con-
ditions, and we also give a paleopathological and chemical anthropological evaluation of the results based on available his-
torical data on the mummified persons as well by a comparison with literature data. 
   
 
[1] I. Szikossy, Á. Kustár, Z. Guba, L.A. Kristóf, I. Pap: Naturally mummified corpses from the Dominican Church in Vác, 
Hungary. In: Wieczorek A, Rosendahl W (eds) Mummies of the world, Prestel, 2010. 
[2] I. Szikossy, G. Pálfi, E. Molnár, K. Karlinger, B.K. Kovács, C. Korom, M. Schultz, T.H. Schmidt-Schultz, M. Spigel-
man, H.D. Donoghue, Á. Kustár, I. Pap: Two positive tuberculosis cases in the late Nigrovits family, 18th century, Vác, 
Hungary. Tuberculosis Suppl 1 (2015) S69-72. 
[3] H. Donoghue, I. Pap, I. Szikossy, M. Spigelman Detection and characterization of Mycobacterium tuberculosis DNA in 
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ABSTRACT: Archaeological finds of enamel glass dated 13-14 centuries were studied by scanning electron microscopy and 
emission spectral analysis. Chemical structure showed that the glass was produced on sodium ash. Analytical data showed 
differences of enamel coloring reagents. The comparative analysis allowed to determine the production places of certain 
artifacts. 
A special place in the diverse material discovered at excavations in Volga Bolgaria settlements belongs to glass findings 
demonstrating a high level of population’s welfare. This work is dedicated to the research of fragments made of various 
enamel glass originating from the archaeological material of Bolgar settlement dating back to the period of the Golden 
Horde.  
The chemical composition of the artifacts was researched using two independent methods – scanning electron microscopy 
(SEM) and emission spectral analysis (ESA). The works were conducted using Axio Observer Z1 and Axio Imager Z2m 
AURIGA CrossBeam with an Inca X-Max energy-dispersion spectrometer and a DFS-458 diffraction spectrograph. All 
fragments were crafted using glass with high sodium content - the so-called “Islamic” glass. SEM research of the enamel 
allowed to identify the dyes used by the glassmakers. The red enamel was obtained by adding hematite to the glass, the 
yellow colour is attributable to the lead and tin component, and the green enamel was obtained by applying copper on a lead 
base. The blue enamel discovered on glass fragments features various compositions. 
As is known, the main centers of Islamic enamel glass production were in Syria and Egypt. A comparative analysis of 
formulation characteristics was conducted on the basis of ESA results, and potential sources of imported glass were 
determined. One of the fragments is most likely a Venetian forgery dating back to the 14th century. 
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ABSTRACT: Complex information hidden in the atomic emission spectrum of ores and other samples can be viewed from 
many angles. Current progress in information theory and statistics enables us to automatically detect and classify differences 
and similarities within measurements. With rising availability of different classifiers (both supervised and unsupervised), one 
is challenged with the possibility of combining their outputs. Such a methodology is called ensemble classification and there 
are few known possibilities of solving this phenomenon. One example for all is voting classification, where each classifier 
has a single vote and resulting number of votes determines the class. 
A study on line assignment in spectra retrieved by means of Laser-Induced Breakdown Spectroscopy in the scope of ensem-
ble classification is addressed in this work. For each emission line in a single spectrum, a set of simple classifiers describing 
the probability of element presence was created. Results of these classifiers are then combined and evaluated by different 
methods of ensemble classification. To improve the ensemble classification other techniques such as weighting of classifier 
outputs or backward feature selection will be applied. The result of this method will yield in an autonomous probabilistic 
assignment of elements to spectral lines in detected LIBS spectrum. 
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ABSTRACT: For a wide range of applications, X-ray Florescence (XRF) spectroscopy is the main non-destructive technique 
for elemental analysis. The angular dependence of XRF is known [1] and can provide additional information [2] but in cer-
tain cases it can yield artefacts due to the topology of the sample especially in experimental setups that use X-ray micro- or 
nano-probes. On a recent work the authors studied XRF microscopy artefacts in elemental maps of topologically complex 
samples [3]. For the observations and the development of a map correction technique, a method for simulating those arte-
facts has been developed. In this work the latest version of the artefact simulation method will be presented and a series of 
topologies and their corresponding artefacts will be shown. This should assist in the systematic development of new artefact 
correction methods but also for hinting on where such artefacts may be present in existing XRF maps. The latter is often 
prevalent is cell imaging but in general any microscopy mapping of topographically pronounced samples is prone to exhibit 
artefacts. 
[1] D.K.G. De Boer, Angular dependence of X-ray fluorescence intensities, X-Ray Spectrom. 18 (1989) 119–129, 
http://dx.doi.org/10.1002/xrs.1300180309. 
[2] L. de Viguerie, P. Walter, E. Laval, B. Mottin, V.A. Solé, Revealing the sfumato technique of Leonardo da Vinci by X-
ray fluorescence spectroscopy, Angew. Chem. Int. Ed. 49 (2010) 6125–6128, http://dx.doi.org/10.1002/anie.201001116. 
[3] F. Billè, G. Kourousias, E. Luchinat, M. Kiskinova, A. Gianoncelli, X-ray fluorescence microscopy artefacts in elemental 
maps of topologically complex samples: Analytical observations, simulation and a map correction method, Spectrochimica 
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ABSTRACT: We performed stratigraphic LIBS measurements on different historically used pigments, previously character-
ized by XRF and PIXE instruments. A single laser shot delivered to the target allows recognizing od cinnabar, ochre, azurite 
and lazurite, and detecting of minor pigment constituents or impurities, not observed by the previous two techniques. In par-
ticular, XRF was not able to detect lazurite while by LIBS it was possible also to distinguish the same over-layered by azurite 
and to find their relative in-depth distribution. Here we discuss the comparative measurements by the three techniques ap-
plied also on other materials related to Cultural Heritage.                    
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ABSTRACT: Prostate cancer continues to be one of the most common fatal cancers in men. Zinc is an essential trace ele-
ment, critical for diverse biological functions in the human body. The main function of the prostate is the high production 
and secretion of citrate which is possible due to the unique accumulation of zinc by prostatic epithelial cells. In relation to 
prostate cancer, it can inhibit the growth of tumor cells, due to the stop of cell cycle and / or induction of apoptosis. The X-
ray microfluorescence technique (µXRF) is a rapid and non-destructive method of elemental analysis that provides useful 
elemental information about samples without causing damage or requiring extra sample preparations. This study investigat-
ed the behavior of cells in spheroids of human prostate cells, tumor cell line androgen independent (DU145) and tumor cell 
line androgen dependent (LNCaP), after supplementation with zinc chloride by 24 hours and 48 hours using synchrotron X-
ray microfluorescence (µSRXRF) and analyzed cell viability through colorimetric cytotoxicity assay (MTT). The measure-
ments were performed with a standard geometry of 45º of incidence, excited by a white beam using a pixel of 25 µm and a 
time of 300 ms/pixel at the XRF beamline at the Synchrotron Light National Laboratory (Campinas, Brazil). The results by 
SRµXRF showed non-uniform Zn distribution in all the spheroids analyzed. It was possible observed that Zn intensity were 
changed with the Zn supplementation. These results suggest that Zinc may affect cell growth and/or cell death. Therefore, the 




Poster Session I - PP27
Study of elemental distribution in human prostatic carcinoma cell 
spheroid culture using synchrotron radiation based x-ray 
fluorescence. 
Karolynne M. J. Rocha
A




, Maria Aparecida Oliveira
C
, 
Catarine G. L. Canellas
B
, Marcelino J. Anjos
A, B
, Luiz E. Nasciutti
C




Nuclear Instrumentation Laboratory, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil; 
B
Physics Insti-
tute, Stated University of Rio de Janeiro, RJ, Brazil; 
C
Biomedical Sciences, Federal University of Rio de Janeiro, 
RJ, Brazil.  
*nome.cognome@university.xy
ABSTRACT: Cancer is a worldwide public health problem and prostate cancer continues to be one of the most common fatal 
cancers in men. The X-ray microfluorescence technique (µXRF) is a rapid and non-destructive method of elemental analysis 
that provides useful elemental information about samples without causing damage or requiring extra sample preparations. 
This study investigated the behavior of cells in spheroids of human prostate cells, tumor cell line (DU145) and normal cell 
line (RWPE-1), after supplementation with zinc chloride by 24 hours and 48 hours using synchrotron X-ray microfluores-
cence (µSRXRF) and analyzed cell viability through colorimetric cytotoxicity assay (MTT). The measurements were per-
formed with a standard geometry of 45º of incidence, excited by a white beam using a pixel of 25 µm and a time of 300 
ms/pixel at the XRF beamline at the Synchrotron Light National Laboratory (Campinas, Brazil). The results by SRµXRF 
showed non-uniform Cu, Fe and Zn distributions in all the spheroids analyzed. It was possible observed that intensities of 
Cu, Fe and Zn were changed with the Zn supplementation. MTT assay's results were not significant, which indicates that the 
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ABSTRACT: The importance of D-Alanine (D-Ala) in building bacterial cell wall peptidoglycan (PG) network has been 
known for decades
 [1]
, but the number of D-Ala (nD-Ala) in the PG layers was hard to determine using the currently available 
methods
 [2]
, limiting more intensive investigation of the bacterial cell wall composition and structure and corresponding bio-
physical and chemical properties as well. We are able not only to quantify nD-Ala and count the bacterial number (nbacterium) as 
exemplified by the two typical Gram-negative (E. coli) and Gram-positive (S. aureus) bacteria as low as 76 S. aureus and 225 
E. coli, but also to determine the “density” of D-Ala (dD-Ala = nD-Ala/nbacterium) in the PG layers of E. coli ((1.41 ± 0.02) ×10
-18
 
mol/bacterium) and S. aureus ((2.05 ± 0.02)×10
-18
 mol/bacterium) using ICP-MS based on bacterium-exclusive metabolism 
of alkyne-D-Ala and click chemistry mediated europium tagging strategy. Results obtained from studying the change of dD-Ala 
during bacterial growth and under the attack of antibiotics suggested that dD-Ala is an intrinsic index of a certain bacterial 
species. It reflects the crosslinking level of the PG layers, governing not only the status of the bacterial growth accompanying 




[1] Vollmer, W. FEMS Microbiol. Rev. 2008, 32, 287-306. 
[2] Miyoshi, Y.; Koga, R.; Oyama, T.; Han, H.; Ueno, K.; Masuyama, K.; Itoh, Y.; Hamase, K. J. Pharm. Biomed. Anal. 
2012, 69, 42-49. 
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ABSTRACT: Over the last few years, breath analysis for monitoring metabolic disorders caused by specific diseases (e.g. 
heart failure) has become more and more attractive due to its non-invasiveness. Various classes of volatile organic com-
pounds (VOCs) can be measured in exhaled breath, including the oxygen-containing substances (e.g. aldehydes and ketones) 
formed during the fatty acid lipid peroxidation of cell membranes. Among these, aldehydes are particularly difficult to moni-
tor in exhaled breath since they are reactive compounds and tend to decompose or react during sample preparation or stor-
age. In addition, analytical problems occur from their low concentrations in exhaled breath. Therefore, chemical derivatiza-
tion ideally coupled with pre-concentration techniques may offer a solution to overcome these problems. Aim of this work 
was to develop an analytical procedure including on-sorbent derivatization technique and thermal desorption coupled to 
GC-MS/MS. Carbonyls in standard gaseous mixtures and/or breath samples were collected onto O-(2,3,4,5,6-
pentafluorobenzyl)hydroxylamine (PFBHA)-coated Tenax GR sorbent packed in a stainless-steel tube. A mixture of carbonyl 
compounds, composed by linear aldehydes (C2-C9) and linear ketones (C3-C9), were used to optimize the analytical per-
formances of on-sorbent technique. Pre-coated sorbent tubes were thermally desorbed by a TD-100 multi-tubes auto-
sampler (Markes International) and PFBHA-oximes were analysed by a 7890B GC System equipped with a DB5ms gas 
chromatographic column (60 m, 0.25 mm ID, 1.0 µm) and coupled to a 7010 MS Triple Quad mass spectrometer (Agilent 
Technologies). The effect of temperature and reaction time as well as the amount of PFBHA spiked into Tenax GR sorbent 
tubes was evaluated using a 2
3
 full factorial design. In addition, the influence of humidity level and sampling flow rate on the 
collection efficiency of carbonyl into pre-coated sorbent tubes was assessed. Under optimized derivatization, extraction, and 
analysis conditions the method allows to successfully determine carbonyl analytes in breath. A quantitative linear response 
in the range 0.1-20 ppbv, detection limits close to 50 pptv and no carry-over effect were observed. The method was used in 
the framework of the H2020 HEARTEN project to monitor breath composition of patients suffering from heart failure. 
Acknowledgement: This work was supported by the project PHC-643694 HEARTEN, funded by the European Commission 
under the H2020 programme. 
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ABSTRACT: In the era of rapid progress in supramolecular chemistry, low-weight organic molecular crystals have attracted 
much attention in the design of new functional materials, where donor-acceptor type molecular complexes are particularly 
interesting. There is a particular interest in complexes of organic aromatic acids with heterocyclic aromatic amines, from 
which the family of anilic acids (2,5-dihalogen-1,4-benzoquinone; hereafter XA) was found to be of vital importance. Anilic 
acids have been used in combination with various secondary molecular components to produce chains, sheets, and three 
dimensional structures with a reasonable degree of design intent. Here, we report a joint structural and spectroscopic study 
of a series of hydrogen-bonded chloranilate and bromanilate complexes with α- and β- picolines. Single-crystal structures at 
100 K are provided for all the systems analyzed, which were found to form B:XA:XA:B, :(B:XA:B):XA, and B:XA:B type 
synthons, where XA and B stand for the acid and base molecules, respectively. The intermolecular forces driving the crystal 
structures were analyzed both qualitatively and quantitatively with the help of reduced density gradient and PIXEL ap-
proaches. By extending single-crystal X-ray crystallography onto computationally supported high-resolution solid-state 
spectroscopy, we provide a comprehensive analysis of spectral signatures that can possibly facilitate the design and recogni-
tion of the supramolecular architectures formed by these kinds of synthons. To this end, we employed nuclear magnetic reso-
nance spectroscopy along with complementary optical (infrared, Raman, terahertz time-domain spectroscopy) and neutron 
(inelastic neutron scattering) vibrational techniques. Despite a large chemical similarity, the studied systems exhibited strik-
ingly different spectral responses. Based on state-of-the-art first-principles calculations for solid-state, in both static and 
time-evolved manners, the spectral influences of long-range dipole coupling, proton transfer, symmetry-distortion, as well as 
anharmonicity are covered extensively. In this way, we take the necessary first step needed to gather combined struc-
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ABSTRACT: The monitoring of As in several kinds of solid samples is carried out by government agencies in different countries, 
which set tolerable limits for this contaminant due to its known toxicity.  Several analytical methods have been reported to de-
termine this analyte using different techniques, such as inductively coupled plasma optical emission spectrometry (ICP OES), 
inductively coupled plasma mass spectrometry (ICP-MS), hydride generation atomic absorption spectrometry (HG AAS) and 
graphite furnace atomic absorption spectrometry (GF AAS).
1
 However, As determination by any of these methods is not a trivial 
task due to different reasons, such as the location of the As resonance lines in the UV region, high ionization potential for this 
element or influence of severe spectral interferences compromising accuracy. The problem becomes even more serious when 
solid samples are to be analyzed, which often require extensive sample pre-treatments implying risks of analyte losses, contami-
nation or degradation of detection limits. In this context, development of analytical methods allowing for the direct determina-
tion of As in solid samples is an interesting alternative for overcoming these problems.
2,3
 The use of high-resolution continuum 
source (HR CS) GF AAS seems to be especially well suited for this application, due to its unique features including a Xe light 
source providing high intensity in the UV range and its capability for carrying efficient correction of spectral overlaps, which is 
crucial at this particularly difficult region of the spectrum.
2,4 
In this contribution, an analytical method for the determination of 
As in complex samples is presented, using HR-CS GF AAS with direct solid sampling. All aspects of method development such as 
selection of a proper chemical modifier, optimization of the temperature program and strategies to correct for spectral overlaps 
will be critically discussed. 
 
The authors are grateful to São Paulo Research Foundation (2013/26672-5, 2016/07749-5 and 2015/14488-0,), and to Conselho 
Nacional de Desenvolvimento Tecnológico e Científico (307639/2014-2) for fellowships and financial support. The authors also 
acknowledge the funding from CTQ2015-64684-P (MINECO/FEDER) and the Aragon Government (Fondo Europeo de Desar-
rollo Regional).  
 
1 T. Llorente-Mirandes, R. Rubio, J. F. López-Sánchez, Applied Spectroscopy. 7 (2017) 25-69. 
2 M. Resano, M. Aramendia, J. Anal. Atom. Spectrom. 29 (2014) 2229-2250. 
3 E.R. Pereira, T.S. Almeida, D.L.G. Borges, E. Carasaek, B. Welz, J. Feldmann, J.C. Menoyo, Talanta. 150 (2016) 142-147. 
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On the possibilities of Laser Ablation Inductively Coupled Plasma 
Mass Spectrometry (LA-ICP-MS) for the determination of heavy 
metal contamination of osteological remains and ceramics  
– an archaeometric study 
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Coimbra, Coimbra, Portugal; CDepartment of Analytical Chemistry, Ghent University, Ghent, Belgium;  
DLaboratório HERCULES and Departamento de Química, Escola de Ciências e Tecnologia, Universidade de 
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ABSTRACT: The archaeological sites of São Cucufate and Monte da Cegonha, located in the municipality of Vidigueira, 
South Portugal, show Roman occupation from the 1
st
 century AD to the 4
th
 century AD. Both villae were agricultural centres 
during Roman occupation. The archaeological finds collected during the 1970's and 1980's campaigns include osteological 
remains and a wide pottery collection, which includes common ceramics, amphorae and other containers. 
Determination of trace elements in archaeological ceramics and bones, using Inductively Coupled Plasma Mass Spectrome-
try (ICP-MS), can assist in the reconstruction of paleodiet and also help to obtain information on the individual’s contami-
nation by heavy metals. For example, skeletal lead content indicates lifetime lead ingestion and can be related with individu-
als’ dietary habits. Laser ablation-ICP-MS (LA-ICP-MS) is a highly sensitive microprobe technique with many potential 
applications in chemistry-based archaeological research. By controlling wavelength and pulse length of the laser, it is pos-
sible to remove micro-samples from a surface at different levels of depth [1]. LA-ICP-MS was used to check if there is a lead 
enrichment on the inside of Roman wine amphorae, which may have been in contact with contaminated products. The tech-
nique was also applied to osteological remains, to check for differences on the intake of heavy metals. Acknowledgements: 
Ana Manhita acknowledges Fundação para a Ciência e Tecnologia for a Post-Doctoral fellowship (Ref. 
SFRH/BPD/108717/2015) within the context of POCH – Programa Operacional Capital Humano, co-financed by Fundo 
Social Europeu and national funding of the MCTES – Ministério da Ciência, Tecnologia e Ensino Superior.  
References 
[1] R.J. Speakman, M.D. Glascock, R.H. Tykot, C. Descantes, J.J. Thatcher, C.E. Skinner, K.M. Lienhop, Selected Applica-
tions of Laser Ablation Inductively Coupled Plasma—Mass Spectrometry to Archaeological Research, in M.D. Glascock, 
R.J. Speakman, R.S. Popelka-Filcoff (eds.) Archaeological Chemistry – Analytical Techniques and Archaeological Interpre-




Poster Session I - PP33
In situ analysis of paper documents using portable EDXRF setup 
with triaxial geometry 
Sofia Pessanha
A
, Jorge M. Sampaio
 B
, Maria Luisa Carvalho
A
, Marta Manso 
A* 
ALIBPhys – UNL- Laboratório de Instrumentação, Engenharia Biomédica e Física da Radiação, Departamento 
de Física, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, 2829-516 Caparica, Portugal 
B LIP – Laboratório de Instrumentação e Física Experimental de Partículas, Av. Elias Garcia 14 1º D, 1000-149 
Lisboa, Portugal 
*marta.sampaio@fct.unl.pt
ABSTRACT: In this work we present the in situ analysis of documents belonging to the collection of Biblioteca Nacional de 
Portugal for paper characterization. A quantitative methodology will be presented based on the paper standards composi-
tion. X-ray fluorescence (XRF) spectroscopy is a powerful analytical tool with a broad range of applications and has proven 
to be extremely useful in the analysis of artworks and archaeometry studies. The setup used in this work consists of a porta-
ble equipment with triaxial geometry between the X-ray tube, the secondary target, the sample and the detector. This geome-
try reduces significantly the Bremsstrahlung background, produced in the X-ray tube, through crossed polarization in the 
secondary target and in the sample. In this way, a better peak-to-background ratio is obtained, improving the detection limits 
and leading to higher sensitivity. This setup reveals great improvements in the analysis of trace elements in low-Z matrix 
samples, namely manuscripts and paper artworks.  
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Multi-analytical study of foxing stains on paper 
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*tasf@uevora.ptPaper based materials are part of the cultural heritage of a nation as a living memory of our past. 
Cellulose degradation phenomena weaken and discolorate paper over time [1]. Paper documents can be compromised by 
chemical, physical and biological deterioration that can culminate in the appearance of foxing. Foxing spots are stains of 
reddish-brown, brown or yellowish color, generally of small dimensions, with sharp or irregular edges, many of which, 
when excited with UV light, show fluorescence [2]. Several factors are presumably involved in this form of paper 
deterioration, such as, chemical degradation as acid hydrolysis or autoxidation of cellulose due to the presence of metal 
ions and moisture content, relative humidity and surrounding environment as well as microbiological contamination 
caused by fungi and bacteria under certain conditions [3-5]. This study aims to contribute to the understanding of the 
abiotic and biotic causes of this phenomenon and also characterize it from a chemical and morphological point of view. 
To achieve this, a multi-analytical approach was used. The papers under study, from 18
th
 and the 20
th
 centuries, exhibit 
different types of foxing stains. Some stains are multiple small of grey/brown tone while others present higher dimensions 
or diffuse irregular shape and size. Photographic imaging under different illuminations, namely standard, raking and 
transmitted lights, and UV radiation for fluorescence detection, and optical microscopy were used to evaluate the tones of 
paper samples and stains and paper topography. Foxed and unfoxed areas were also analyzed by vibrational spectroscopy 
using micro-Fourier transform infrared spectroscopy in the attenuated total reflection mode to obtain distribution profiles 
of compositional and degradation products. The use of micro-X-ray diffraction allowed to investigate the crystalline fillers 
used in the paper production. Elemental composition from fillers and contaminations and fibers’ morphology were 
evaluated by variable pressure scanning electron microscopy coupled with energy dispersive X-ray spectroscopy. 
Elemental mapping obtained by micro-X-ray fluorescence spectrometry was carried out to identify any possible metal 
contamination on the stains and surrounding areas. Evaluation of metallic elements distribution namely, iron and copper, 
was done by laser ablation inductively coupled plasma mass spectrometry. Microbiological studies were carried out in 
order to evaluate the influence of biotic attack in the foxed papers. [1] C. Corsaro, D. Mallamace, J. Lojewska, F. 
Mallamace, L. Pietronero, M. Missori, Scientific Reports (3), 2013, 2896. [2] M Bicchieri, S Ronconi, F.P Romano, L 
Pappalardo, M Corsi, G Cristoforetti, S Legnaioli, V Palleschi, A Salvetti, E Tognoni, Spectrochimica Acta Part B: 
Atomic Spectroscopy (57) 7, 2002, 1235. [3] R. Buzio, P. Calvini, A. Ferroni, U. Valbusa, Applied Physics A (79), 2004, 
383. [4] S. Manente, A. Micheluz, R. Ganzerla, G. Ravagnan, A. Gambaro, International Biodeterioration & 
Biodegradation (74), 2012, 99. [5] M. Manso, M. Costa, M. L. Carvalho, Applied Physics A (90), 2008, 43. 
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LIBS-SSI-MS: Simultaneous elemental and molecular analysis of 
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ABSTRACT: The integration of appropriate analytical techniques towards the development of hybrid instrumentation is of 
key importance for performing efficient speciation analysis. Several studies have shown that combination of separation 
techniques, such as high performance liquid chromatography, with atomic and molecular mass spectrometry enables 
speciation analysis of metal and metal containing biomolecules and complexes. However the simultaneous use of elemental 
mass spectrometry, for example, ICP-MS, along with molecular mass spectrometry is a highly non-trivial task. In this 
context, we are exploring an alternative approach that combines sonic-spray ionization (SSI) mass spectrometry (MS), a 
well-advanced molecular analysis technique, with laser induced breakdown spectroscopy (LIBS), a fast and 
straightforward tool for elemental analysis. The analysis is performed in an aerosol spray produced by use of a pneumatic 
nebulizer. The aerosol, typically produced from a water-methanol solution containing various types of metal complexes and 
metalloproteins, is fed into the inlet of the mass spectrometer at a constant flow, 15-20 µL/min, and mass spectra are 
collected. The spray is being simultaneously interrogated, at a repetition rate of 5-10 Hz, by pulses from a nanosecond 
laser (Nd:YAG, λ = 1064 nm) that give rise to the formation of strongly emitting plasma, off of which time-resolved LIBS 
spectra are recorded. Spatial constraints are dealt with by a custom designed, compact optical setup, which enables tight 
focusing of the laser beam in the space between the nebulizer tip and the MS inlet along with efficient collection of the 
plasma plume emission. In the present study we describe the integration of the SSI-MS with LIBS into a hybrid system, 
explain certain key technical aspects and present recent results from the simultaneous analysis of a number of metal 
containing complexes and biomolecules. It is shown that the ablation process has some, but clearly not significant 
interference, with the molecular MS measurements in metal proteins. The potential for coupling the hybrid LIBS-SSI-MS 
analysis directly with a HPLC is being investigated and preliminary results are shown.	
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ABSTRACT: In this work, laser-induced breakdown spectroscopy (LIBS) has been used for the in-depth characterization of 
new nanocomposites to be employed in heritage buildings for protective purposes. In particular, limestones treated with sil-
ver nanoparticles or with silver/titanium dioxide/charcoal activated nanocomposites have been analyzed. These nanomateri-
als are known to be an effective protection against bacteria development but their assessment depends on the in-depth pene-
tration of the compound. For this reason, it is of great interest to characterize the location of these nanomaterials in the ma-
trix with the aim of controlling the treatment process. This characterization has been successfully performed by LIBS depth-
profiling. In this research, two biocidal treatments based on two nanocomposites with silver and silver/titanium dioxide/ 
charcoal activated synthesized by a bottom-up method with sodium borohydride as reduction agent have been tested on lime-
stones from Utrera’s quarry (Seville, Spain). This stone was employed in historical buildings in the south of Spain, such as 
Cathedral and Town hall in Seville or Cathedral in Cádiz. The results of the analysis of these samples demonstrate the capa-
bility of LIBS technique for the detection of nanocomposites and for the generation of depth profiles and its potential for the 
analysis of the nanoparticles diffusion in the matrix after protective treatments of structural materials employed in historical 
buildings. 
 
Poster Session I - PP37
Laser-induced breakdown spectroscopy analysis of Titanium-
Niobium coatings generated by laser cladding for its potential use in 
orthopedic implants 
Maripaz Mateo*, Jose Manuel Amado, Maria Jose Tobar, Armando Yañez, Gines Nicolas 
Departamento de Ingeniería Industrial II, Laser Applications Laboratory, Universidade da Coruña, C/Mendizabal 
s/n, 15403 Ferrol, Spain.  
* paz.mateo@udc.es
ABSTRACT: The development of new alloys is crucial for long-term stability of artificial joints in implant-supported pros-
thesis. The titanium–niobium alloy has superior corrosion resistance than pure titanium and an elastic modulus that is close 
to the bones, which solves the problem of stress shielding. Therefore, that alloy can be used as a biomedical material for 
orthopedic applications. By laser cladding technique it is possible to generate a coating of Ti-Nb alloy on the surface of a 
titanium substrate in order to enhance its biocompatibility for prosthetic purposes. However, the process parameters need to 
be optimized and different proportions of Ti and Nb have to be tested in order to generate a clad with a good quality, me-
chanical properties and biological behavior. In a recent paper, we have demonstrated the capability of laser-induced break-
down spectroscopy (LIBS) technique for the chemical analysis of clad layers composed by mixtures of WC ceramics with 
NiCrBSi alloys and generated by laser cladding. In this work, LIBS technique will be used to determine the composition of 
laser clads of Ti and Nb alloys deposited in different proportions on Ti and Ti6Al4V alloy substrates. The objective of the 
analysis is to compare the final and the theoretical composition of the clads, estimated from the composition of the feedstock 
powdered material, in order to control the laser cladding process. For that purpose, sintered samples with different propor-
tion of Nb and Ti will be also analyzed and used as standards for generating calibration curves. In addition, compositional 
rasters and maps will be generated by LIBS in the cross section of the clads to study the homogeneity of the coating and the 
possible dilution with the substrate. 
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ABSTRACT: Vermilion is a crushed cinnabar mineral that provides brilliant red color. It was used as a red pigment for the 
decoration of wall paintings from the Prehistory. The chemical composition of vermilion is mercury sulfide, and sulfur has 












S. It has been 




S does not have the mineral specificity, rather than area specificity, thus it is charac-
teristic for a certain geological area. That is why the sulfur isotope analysis of vermilion in wall paintings is useful to identi-
fy the origin of this pigment. However, when vermilion applied with the fresco technique it is normally mixed with gypsum 
(CaSO4·2H2O). Gypsum, being a sulfate, might affect the sulfur isotope ratio, which can alter the isotopic results for vermil-
ion. This study, therefore, is focused on solving this specific problem, experimentally. Gypsum, as well as vermilion, are not 
water-soluble. Nevertheless, gypsum is dissolved in strong acids that can be used as a method to remove only the gypsum 
from the mixture. We have designed an experiment to see if this was possible. Five experimental samples were prepared as it 
follows:1) 100 mg of gypsum, 2) 90 mg of gypsum and 10 mg of vermilion, 3) 50 mg of gypsum and 50 mg of vermilion, 4) 10 
mg of gypsum and 90 mg of vermilion, and 5) 100 mg of vermilion. Followingly, all the samples washed with either 3 ml of 
conc. HCl or conc. HNO3. Insoluble part was washed with ultrapure water three times. Then, reverse aqua regia was added 
to the insoluble part, and the solution was heated at 95 °C for 5 hours. After cooling down, one drop of bromine was added 
and, the solution, again, was heated up to 95 °C for 2 hours. Subsequently, BaCl2 solution was added to the solution. The 
precipitated solid barium sulfate was placed into a tin cup and sulfur dioxide gas was obtained using an elemental analyzer. 
The sulfur dioxide was directly induced in the isotope ratio mass spectrometer. The peak height was set to about 1 nA. For 










S‰) were calculated.  The sulfur compounds with abundant 
34
S have positive δ
34
S values compared to the stand-
ard, in contrary, the compounds with abundant 
32
S present negative values. The experiment led to several observations. 
Amongst the most important are the followings: when, either, only, the conc. HCl or only conc. HNO3 was added to all pre-
pared samples, at room temperature, for one night, the gypsum was not dissolved. In contrary, for the sample with 10 mg of 
vermilion plus 90 mg of gypsum, after adding HCl and heating up to 95 °C, twice, for five hours, both gypsum and vermilion 
were dissolved. On the contrary, in all samples, when HNO3 was added and the same process followed, only, the gypsum was 
dissolved while vermilion was not. Finally, using NHO3 as dissolvent for the sample with low gypsum content (10 mg of gyp-
sum and 90 mg of vermilion) no differences in the detected values of sulfur isotope ratio were observed compared to the val-
ues obtained for a clean vermilion specimen. In frescoes, normally, the gypsum percentage in vermilion is low (like in sam-
ple prepared with 10% gypsum + 90% vermilion). Therefore, using the procedure of washing with HNO3 and heating up to 
95ºC twice is suitable for analyzing isotopes in cinnabar even if we suspect that there might be some gypsum in the pigment. 
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ABSTRACT: The present work describes a non-invasive lactate sensing in sweat during workout. The sensing system is 
based on a potentiometric measure performed using disposable, chemically modified, printed electrodes (sensor strips) that 
can be wetted with sweat during the exercise. The potentiometric signal, which is proportional to lactate concentration in 
sweat, is produced by a redox reaction activated by UV radiation, as opposed to the enzymatic reaction employed in tradi-
tional, blood-based measuring devices. The sensing system exhibits chemical selectivity toward lactate with linearity from 1 
mM up to 180 mM. The dynamic linear range is suitable for measurement of lactate in sweat, which is more than 10 times 
concentrated than hematic lactate and reaches more than 100 mM in sweat during workout. The non-invasive measure can 
be repeated many times during exercise and during the recovery time in order to get personal information on the physiolog-
ical and training status as well as on the physical performance. The device was successfully applied to several human sub-
jects for the measurement of sweat lactate during prolonged cycling exercise. The lactate concentration changes during the 
exercise reflected the intensity of physical effort. During the exercise sweat was simultaneously sampled on filter paper and 
extracted in water, and the lactate was determined by HPLC for method comparison. This method has perspectives in many 
sport disciplines as well as in health care and biomedical area. 
 
 
Poster Session I - PP40
 
New insights into understanding the optical properties of lead-based 
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ABSTRACT: Lead white is the most important of lead- as well as white-pigments. It has been producing from ancient time to 
the present although in the nineteenth century it has lost the primacy in favor of zinc oxide (ZnO) and titanium oxide (TiO2) 
pigments which are less toxic and more efficient. Lead white generally refers to any lead-based white pigments however this 
term indicates exclusively lead carbonate hydroxide also called basic lead carbonate[(PbCO3)2 Pb(OH)2].For its high cov-
ering capacity, lead white has been used on several substrates such as on canvas and wood in paintings, on paper in manu-
scripts and on silk in clothes. However, it is well known that lead white could be strongly degraded when subjected to high 
energetic light sources causing discoloration and the formation of degradation products as massicot (PbO) and plattnerite 
(PbO2). This represents a limitation for the analysis of lead white by means of laser spectroscopic techniques which risk in-
deed damaging irreversibly the pigment. In this work a novel temperature-controlled portable-Raman device (excitation 
wavelength 1064 nm) has been used for lead white molecular characterization suitably modulating the output power of the 
laser source in order to limit undesired heating effects within the irradiated volume. This approach has allowed a systematic 
study of the optical properties, with particular attention to the scattering process, of different types of lead white pigments 
such as cerussite, hydrocerussite and anglesite which have been purchased pure on the market as well as prepared following 
historic recipes. Results have highlighted marked differences in optical properties according to particle dimensions and the 
content of impurities. X-Ray diffraction (XRD), Scanning Electron Microscopy (SEM), Ion-Coupled Plasma (ICP) and Opti-
cal Microscopy (OM) have been also employed to characterize in depth the molecular composition of pigments as well as to 
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ABSTRACT: The NOMAD (Novel Materials Discovery) Laboratory Centre of Excellence (CoE) [2], is a community-driven 
activity with the mission to serve the whole field of materials science and engineering. It tackles the issues of Big Data in 
materials science, starting from the NOMAD Repository [3], which by now contains results from more than 18 million DFT 
total-energy calculations from around 30 electronic-structure and force-field codes. Based on this data, we build a Materials 
Encyclopedia, to provide a user-friendly access to all these results, also making use of Advanced Graphics. Novel Big-Data 
Analytics tools are developed for finding trends, identifying outliers, and predicting new materials with tailored properties. 
In the near future,the project will be extended to include experimental data. This project has received funding from the Eu-
ropean Union’s Horizon 2020 research and innovation programme, grant agreement No 676580. [1] Collaboration with the 
whole NOMAD team [2] https://nomad-coe.eu [3] https://repository.nomad-coe.eu 
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ABSTRACT: The study of the composition of four metal objects from two archeological collections (from Europe and The 
Americas) now located in the Museum of Decorative Art (MDA) and the Center of Archeology (CIRAT-MEC) in Uruguay 
was performed for the first time since they were donated to the museum or found. This study aims to contribute to the 
knowledge of technological aspects related to the objects of these collections. Based on conservation criteria of metal ar-
chaeological pieces, a non-destructive technique was chosen for the diagnosis of their composition using Laser-induced 
Breakdown Spectroscopy (LIBS) technique. Three samples were selected from the Greco-Roman collection of the MDA, 
fragments of objects traditionally assigned to a classic bronze collection (2200-1800 BP). From the collection of the Center 
of Archeology, the only metal ornament that was recovered from the excavation VII of the Puerto La Tuna (34°42´12”; 
56°24´54”, Uruguay) prehispanic archaeological site was submitted to study, this ornament has a characterized chronology 
by 
14
C dated in ca. 700 to 500 years BP. LIBS analyses were performed at the Institute of Chemistry of the University of 
Campinas (UNICAMP), Brazil, using a Quantel Brio NdYAG laser with a maximum pulse energy of 120 mJ at 1064 nm, fit-
ted with an Andor Mechelle spectrometer with ICCD detector. The pulse energy used was 90 mJ. The strategy, in all cases, 
consisted of the spectral analysis from laser shots at different points on the surface of the objects, on both faces and at differ-
ent depths, in the last case by series of 10 shots directed at the same point. The three samples form the presumed bronze col-
lection showed the following results: One of them was mainly copper with presence of tin (may be compatible with the hy-
pothesis that is bronze), however the presence of tin was low (less than 10%), in the second piece copper was the main com-
ponent, no significant amounts of tin or zinc were detected (not compatible with bronze) and the third one was composed 
mainly by copper and tin (compatible with the hypothesis of being bronze). In this museum, these pieces had been classified 
as bronzes for many years and this new information contributed to better know about these collections, it can be concluded 
that this collection not only has pieces in bronze as it was thought, but also artifacts and ornaments made from other metals 
such as copper. This diagnosis using non-destructive techniques will allow to continue advancing with other archaeometric 
techniques in the study of the different kind of alloys present in the collection and to approach the technology used. On the 
other hand, the study by LIBS of the ornament found in excavation VII (La Tuna) of the Center of Archeology collection, re-
sulted in the fact that the raw material for its manufacture was only copper. This information is very significant to the study 
of the prehispanic populations of Uruguay because, until now, there was no reference to the presence of this metal for pre-
hispanic horticultural societies that occupied the Río de la Plata coast where it was found. It remains to explore the prove-
nance of copper, whether it is from veins located in Uruguay or comes from other areas of the American continent (Andean 
area for example) this opens up discussing aspects of mobility and exchange of these populations in the past. Acknowledge-
ments: Comisión Sectorial de Investigación Científica (CSIC), Agencia Nacional de Investigación e Innovación (ANII) and 
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ABSTRACT: Model multilayered painting samples containing traditional pigments were prepared on a wooden support (5 x 
10 cm) with each layer partly revealed. Typical model sample consisted of three to four layers, with first, so called ground 
layer, containing clay or chalk in organic binder, second organic layer, and the third or in some cases fourth layer  
containing inorganic pigments (e.g. Azurite or Prussian Blue) in organic binder or organic dyes (e.g. Carmine Lake) with 
inorganic medium in organic binder. Thirty laser pulses were applied to one point and individual spectra were obtained for 
each shot. Broadband spectra were first acquired using Sci-Trace instrument (AtomTrace, Czech Republic) equipped with 
echelle spectrometer and EMCCD camera. Significant element lines were chosen and samples were re-measured using  
modified ablation system New Wave UP-266 MACRO equipped with Czerny Turner monochromator and an ICCD detector. 
Spectra obtained using both LIBS systems were processed to create the depth profiles of the samples. Particular element 
lines representing each layer (e.g. Cu I 324.7 nm for Azurite) were chosen. Acoustic and total emission signal was used  
for elimination of drift caused by the strong shot-to-shot LIBS signal variations and changes in physical–chemical properties 
of different layers. For comparison purposes elemental analysis by hand-held X-ray fluorescence spectrometer Innov-X 
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ABSTRACT: The red dyes were commonly used as artists’ materials since ancient times. They are organic substances based 
on the anthraquinonic structure and can be achieved from insects, such as cochineal (carminic acid), kermes (kermesic acid) 
or can be extracted from plants, such as madder  (mainly composed by alizarin). To use them in paintings, the dyes were 
mixed with an insoluble substrate such as aluminium hydrated, calcium carbonate or calcium sulphate; the name “lake” is 
referred to this latter procedure. In this work fifteen alizarin-based lakes, produced by Kremer-Pigmente and Zecchi, have 
been studied in order to investigate their optical and chemical features by means of Energy Dispersive X-ray Fluorescence 
(EDXRF), Attenuated Total Reflectance Fourier-Transform Infrared Spectroscopy (ATR-FTIR), X-ray Powder Diffraction 
(XRD), Liquid Chromatography coupled with a Photodiode Array (LC-PDA), UV fluorescence and reflectance spectrosco-
pies. Almost all the lakes show alizarin as main organic compounds, one of them (23610-Kremer) presents only this antra-
quinonic, indicating a synthetic dye. Lucidin primeveroside and ruberythrique acid are detected in some lakes suggesting the 
use of “Rubia tinctorum”. Most of the samples contain typical compounds present in the natural roots of madder but in two 
lakes (23600-Kremer and alizarin crimson-Zecchi) any anthraquinonic compounds were detected, thus they are probably 
synthetic dyes, as 23610 (Kremer). Furthermore several inorganic substrates, probably added during the manufacturing 
process, were detected. From the results obtained by UV fluorescence spectroscopy it is possible to conclude that, although 
it is commonly assumed that the madder lake presents an orange-pink fluorescence, the inorganic compounds induce a 
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ABSTRACT: Multielement analysis of human placenta samples is of significance in many environmental and biomedical 
studies. In this sense, fast analytical methodologies which entail simple sample preparation and low-cost analysis are de-
sired. In the present contribution, the possibilities and drawbacks of low-power total reflection X-ray fluorescence spectrom-
etry (TXRF) for multielemental analysis of human placenta samples have been evaluated. The direct analysis of a solid sus-
pension using 50 mg of powdered biological sample suspended in 1 mL of disperser agent is possible and limits of detection 
for most of elements are similar to those obtained using more sophisticated sample treatments such as microwave digestion 
(low mg/kg level). Accurate and precise results were obtained for most elements using internal standardization as quantifica-
tion approach and applying a correction factor to compensate for absorption effects. The correction factor was based on the 
proportional ratio between the slurry preparation results and those obtained for the analysis of a set of human placenta 
samples analysed by microwave digestion combined with inductively coupled plasma emission spectroscopy. As a study case, 
the developed TXRF methodology was applied for multielemental analysis of several healthy women’s placenta samples from 
two regions in Jamaica. Obtained results from the analysis of the target human placenta samples revealed that most minor 
and trace elements are homogeneously present and not significantly differences were found between the studied regions. The 
only exceptions were Ca and Br which present a high variability between the two regions studied but also within the speci-
mens from the same region. Additional studies are needed to find out if this variability can be related to environmental expo-
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ABSTRACT: In the framework of archeological investigations of an outstanding Roman villa in Tuscany (Villa dell’Oratorio, 
in the territory of Capraia e Limite, Florence), a characterization of decorative stones employed in mosaic tesserae have 
been carried out with the aim to identify the raw materials and their supply basin, and to value the ability of the villa owner 
and builders to obtain supplies at local or possible over local markets. The archaeological and historical context is particu-
larly interesting. The villa, built in the middle of the 4
th
 centuries, probably belonged to the great senator Vettius Agorius 
Praetextatus, remembered in an inscription found in the site. The importance of this figure in the Late Roman world is under-
lined by Macrobius, who defined the 4
th
 century as the Saeculum Praetextati, and reflected by the architecture of the building 
with mosaics: this is a hexagonal structure, of almost 30 meters in diameter, equipped with apsed rooms (at least 5) and sim-
ilar to some monumental triclinia of Constantinople, dated in the fifth century and related to the Imperial Court. The mosaics 
unveiled in the villa consist in cubic tesserae made by decorative stones ranging in color from white, to black, from red to 
yellow and green, along with blue and green glazed elements. To achieve the aim of the study, spectroscopic analysis 
through X-ray fluorescence (XRF), laser induced breakdown spectroscopy (LIBS) and Raman spectroscopy have been car-
ried out, supported by classical minero-petrographic mehods. The obtained results have been compared with reference data 
on decorative stones provided in literature for ancient marbles, delineating the commercial movements undertaken the con-
struction of Villa dell’Oratorio and supporting the archeological overview of a such relevant and unique late Roman villa in 
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ABSTRACT: The inspection of pigmenting agents and painting techniques are some of the main archeological questions 
posed by artworks as wall paintings and frescoes. The identification of peculiar pigments as well as the discrimination 
among decorative techniques allows supporting archeological interpretations about construction phases and possible restor-
ing actions. In the matter in fact, the possibility to acquire such information requires the application of a combined archeo-
logical and archeometric approach, supporting the historical and architectonical evidences with analytic data. That’s the 
case of San Genesio church (San Miniato, Pisa) wall paintings, explored in the present study by spectroscopic methods, i.e.: 
Raman spectroscopy and portable XRF fluorescence, supported by classical minero-petrographic analysis. The studied ma-
terials consist in red, yellow, green painted fragments founded in the collapse layers of the presbytery and crypt. The church, 
located in the Arno valley, along the Via Francigena and the road that linked Florence to Pisa, was built in the late 7
th
 cen-
tury and enlarged between the 10
th
 and the second half of the 12
th
 century, when a rich village developed near the religious 





 century presbytery or crypt. The obtained results data have been employed to unveil raw materials and painting 
techniques, possible different construction phases in San Genesio church and, finally, support the archeological studies on 
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ABSTRACT: An eco friendly tanning cycle is proposed in the European Project Life14 ENV/IT/443 LIFETAN, with the re-
placement of current commercial chemical and toxic products with innovative natural products and technologies in five cru-
cial phases: bating, defatting, tanning, dyeing and fatting. The double goal of the project is to propose: i) a chromium free 
tanning cycle, ii) a 20% reduction of chromium salts with the new natural products, whilst maintaining the leather high qual-
ity standards, such as the made in Italy. Each natural product was the focus of five specific previous LIFE projects 
(PODEBA for the bating, ECODEFATTING for the defatting, OXATAN for the tanning, BIONAD for the dyeing and 
ECOFATTING for the fatting phase respectively) and individually demonstrated good applicability. LIFETAN project anal-
yses the interaction among the 5 products, involving Italian and Spanish partners. Processes/cycle with standard reagents 
and natural/naturalized products are compared, to check leather and leather product quality, natural product performance 
and environmental impact (wastewater load, wastes and LCA). Spectroscopic techniques such as SEM-EDS and ATR-FTIR 
Scanning Electron Microscopy (SEM), Energy Dispersive X-Ray Spectroscopy (EDS), Thermogravimetric Analysis (TGA) 
and ATR-FTIR Spectroscopy were used to monitor the final leather quality, together with samples along the process. The 
introduction of natural/naturalized products did not modify leather morphology (pore size and distribution) and interaction 
with leather collagen. These results were accomplished with thermal behaviour and physical properties of leather. The main 
results of tests carried out at laboratory and semi-industrial level will be presented. (Life14 ENV/IT/443 LIFETA is co-funded 
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ABSTRACT: The replacement of current commercial chemical and toxic products with innovative natural products and tech-
nologies in the whole tanning cycle (bating, defatting, fatting, dyeing and tanning phases), is the aim of the European Project 
Life14 ENV/IT/443 “LIFETAN: eco friendly tanning cycle”. Leather production is traditionally responsible for heavy envi-
ronmental impacts (hazardous substances, fatliquoring products, volatile organic compounds, etc.) and there are difficulties 
in recycling and disposal of semi-finished or finished products containing toxic metals, in particular chromium. The main 
objectives of LIFETAN project are: using natural fatliquoring and degreasing products that do not exceed the legal limits for 
hazardous substances in leather goods, reducing waste water contamination by enhancing the biodegradability of fatliquor-
ing and degreasing products, recycling poultry waste to obtain technical products for the bating phase, designing natural 
dyes and developing an innovative chromium-free tanning technology. The compatibility of natural products for bating and 
defatting phase, both with Chromium and oxazolidine tanning, was demonstrated at laboratory level and the safety and 
ecosustainability improvement of the tanning cycle is addressed at semi-industrial level. Scanning Electron Microscopy 
(SEM), Energy Dispersive X-Ray Spectroscopy (EDS and Thermogravimetric Analysis (TGA) were used to monitor the 
leather samples and to evaluate the benefits of the application of the innovative products. Different types of leather samples, 
subjected to partial and/or complete tanning cycle using natural products, both in a laboratory and pilot production scale-
up, were analysed. The SEM-EDS was applied in order to observe the surface and cross-section morphology of leather and 
to provide a semi-quantitative elemental analysis, TGA to evaluate the leather thermal stability. The experimental results are 
also confirmed by Attenuated Total Reflectance Mid-Infrared (ATR-FTIR) Spectroscopy. (The Life 14 ENV/IT/443 LIFETAN 
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ABSTRACT: Laser induced breakdown spectroscopy (LIBS) has been widely used for elemental analysis of solid, liquid and 
gaseous samples due to its portability and the practical null sample preparation. The main drawback of this technique is the 
necessity of having a calibration curve to obtain quantitative information of the sample, which in some situations is virtually 
impossible to get. Hence, it has been developed a calibration-free algorithm
1
 which provides the composition of the sample 
by assuming a Boltzmann distribution of all species within the ablation plasma, where spectroscopic information of all of 
them is required. In this work a semi-automatic algorithm to identify and deconvolute emission peaks of the plasma spectrum 
is presented, as well as its lorentzian function fitting. The code also relates each emission peak found in the ablation plasma 
to those listed in the NIST atomic spectra database, so the qualitative composition of the sample is granted. We have ex-
plored the limit of detection of a miniature spectrometer to develop an inexpensive portable system and eventually, along the 
fitting parameters as well as considerations on Local Thermal Equilibrium and an optically thin plasma, to implement it in a 
calibration-free procedure in the future. 1. Tognoni, E. et al., "Calibration-Free Laser-Induced Breakdown Spectroscopy: 
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ABSTRACT: Digestibility in animals is measured by indirect methods that consist in the use of markers, which are inert sub-
stances not absorbed or metabolized along the digestive tract. Titanium dioxide (TiO2) has attractive properties as digestibil-
ity marker: is not toxic, inert and has physical and chemical stability
1
. The goal of this study was to develop a method to di-
rect quantify TiO2 as Ti, used as digestibility marker in bovine faeces by laser-induced breakdown spectroscopy (LIBS)
2
. A 
bovine faece was directly collected from the rectum of the animals. Afterward, it was dried in an oven at 65 °C for 48 hours 
and milled in a knife mill of stainless steel with a sieve of 1 mm. This sample was divided into several aliquots that were 
weighted and pressed by a hydraulic press to the form of a pastille (around 10 mm∅). LIBS operating parameters energy, 
delay time, and spot size were optimized, and full experimental design (2
3
, 8 experiments) were performed. Then the energy 
was kept constant at 80 mJ, and a central composite design was applied (11 additional experiments). In both cases, the 
responses monitored were signal/background ratio (SBR) of three Ti emission lines (334.2; 334.9 and 368.5 nm). Regarding 
the calibration of this technique, analyte-free aliquots were employed, Ti as TiO2 was added in increasing amounts (TiO2 
from 0 to 1.2 % m m
-1
), and the accuracy was evaluated using three aliquots with known TiO2 concentrations. In each 
analysis, approximately 400 spectra per sample were obtained, and the raw data was treated with 12 types of normaliza-
tion/standardization
3
. Later, signals area and height were calculated for each emission line mentioned above. In the optimi-
zation, was observed that delay time and spot size are the most important variables and they have a positive effect. For the 
analysis, the best conditions were 100 µm for spot size, 0.6 µs for delay time and 80 mJ for energy. Concerning the calibra-
tion, standard error of calibration (SEC), and coefficient of determination (R
2
) were calculated. Low values of SEC were 
determined in emission line 334.9 nm: 0.16% for the area and 0.15% for the height. The coefficient of determination value in 
this line is close of 1. The average of the area normalized by the norm shows the best results because was the treatment with 
the highest sensitivity, linearity (R
2
 = 0.96), and the linear model of calibration has 88% of predictably. About the accuracy, 
the three aliquots were quantified, and the highest relative error when predicted and reference values were compared was 
30%. The calculated standard error of prediction (SEP) was 0.13%. The limit of detection (LOD), assessed according to the 
recommendation of IUPAC, was 0.06 % (m m
-1
). Therefore, LIBS is an alternative because it has an adequate sensitivity for 
this type of analysis, and the main advantage is the direct determination of TiO2 which is a difficult decomposition substance. 
The authors are grateful to Conselho Nacional de Desenvolvimento Tecnológico e Científico (162318/2014-6; 307639/2014-
2), Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), and Fundação de Amparo à Pesquisa do Esta-
do de São Paulo (2012/01769-3 and 2015/14488-0). 
1
Titgemeyer EC1, Armendariz CK, Bindel DJ, Greenwood RH, Löest 
CA., J Anim Sci. 2001 Apr;79(4):1059-63. 
2
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ABSTRACT: Alzheimer’s disease (AD) is a progressive dementia that, in early stages, manifests as a profound inability to form 
new memories. Its incidence is higher in people aged over sixty-five years. The basis for this specificity is unknown, but some 
evidences point to the involvement of neurotoxins derived from the self-associating β-amyloid (Aβ). Aβ generates the fibrils of the 
hallmark amyloid plaques of AD. However, the ”fibril hypothesis” fails to explain crucial clinical and pathological aspects of 
several degenerative diseases. In AD, it has been pointed out that there is poor or even the absence of correlation between 
plaque burden and dementia. Soluble oligomers are found at elevated levels and in association with synapses in the brains of 
demented AD individuals. The buildup of β-amyloid oligomers (Aβos) in the affected brains has been recognized as an additional 
neuropathological hallmark of AD. Interestingly, several groups have raised the “metal hypothesis” of AD. Several metal ions, 
such as zinc, iron, and copper are all increased in the aged brain. There is evidence that the modification of homeostasis of metal 
ions leads to neuronal death. Redox metal ions are instrumental in enhancing the production of reactive oxygen species (ROS), 
contributing to oxidative stress and inflammation of the brain of Alzheimer’s patients. Metal ions, such as copper and zinc, have 
been demonstrated to modulate amyloid aggregation along different pathways. In the brain of patients with AD, the Fe accumu-
lation contributes to Aβ aberrant aggregation and toxicity. So, the metal ions may have an important impact on the protein mis-
folding and the progression of the neurodegenerative process. The development of the synchrotron radiation microbeam X-ray 
fluorescence technique (µSRXRF) provided new opportunities for biomedical applications. The µSRXRF technique, in this analy-
sis, is very important, because the construction of two-dimensional maps of mice brains with AD is fundamental to understanding 
this disease, and the application of neuroprotective and therapeutic approaches. The levels of trace elements are distributed het-
erogeneously in the brain. For the essential elements, the concentration is probably related to the physiological functions of spe-
cific brain areas. Deviations of normal trace element levels have been correlated with AD. With the use of TXRF technique, it 
was verified that the elementary homeostasis in mice brains (on experimental model of AD induced by Aβos) changed. Besides 
that, in mice brains, these elements concentrations occur in the order of µg.g
-1
. The purpose of this study is to evaluate the Fe, 
Cu, and Zn spatial distribution (2D) in brain regions impaired by AD, using the µXRF technique. In this study, AD is induced by 
a single intracerebroventricular injection of Aβos. Aβos are linked to neuronal dysfunction in brain areas related to learning and 
memory, such as hippocampus, and they have an impact on the hypothalamus, which plays essential functions in the central and 
peripheral nervous system. Thus, it is possible that, in the AD brain, progressive accumulation of Aβos brings about different 
functional outcomes in brain regions responsible for metal spatial distribution. AβO-induced inflammation in the hippocampus 
and hypothalamus may be especially relevant in terms of disrupting hypothalamic insulin, signaling that it is involved in the 
damage found in the AD. Possible differences in the elemental concentration findings for some regions of the brain with AD, in 
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Fluorite (also known as Fluorspar) is a mineral with variable color a member of the Halide family with chemical composi-
tion CaF2. His dark purple variety called antozonite was used as a very specific pigment on Bohemian panel paintings and 
polychromed sculptures in a relatively short period of time in the Late Gothic and Early Renaissance period, approximately 
from 1480 to the half of the 16
th
 century. The survey in the chemical-technological laboratory of the National Gallery in 
Prague proved use of purple fluorite on the paintings from several regions of Bohemia, especially Northern, Eastern, Cen-
tral Bohemia and Silesia. But it was also authenticated on the artworks from Poland, Germany and Austria. Unfortunately, 
the natural sources of the fluorite (antozonite) as an artistic pigment have not been clearly identified yet. Fluorite usually 
occurs together with deposits of silver, copper, lead, zinc or also limestone and dolomite. The mineralogical characteristics 
of fluorite vary according to the source. Dark purple to black color is typical for fluorite deposits containing also radioactive 
elements. It was shown that the presence of various rare earth elements also has an effect on the fluorite color. Important 
deposits in the Central Europe are especially in Germany. The most probable sources of fluorite as a pigment are in Nab-
burg-Wölsendorf in the Southeast Germany where the specific variety antozonite occurs. Purple fluorite also occurs in the 
Czech Republic – earlier it was localized in the mines in Joachimsthal (Jáchymov). For a long time, there has been an inter-
est in determining the provenance of the mineral for the pigment preparation. Comparative analysis of the fluorites in the 
paintings and the natural minerals from various European locations may provide such information. In 2013 systematic char-
acterization of purple fluorites of known provenance – Nabburg and Wölsendorf in Germany, Castelton and Derbyshire in 
England, fluorite from Bohemia (Joachimsthal, Cinvald, Krupka and Slavkov) started in order to create a database for the 
provenance recognition. The main results of the analyses are summarized in this work. A multi-technique approach was 
adopted to find chemical markers for discriminating different fluorite sources. Panting micro-samples were investigated by 
standard methods: optical microscopy (OM) and elemental analysis via scanning electron microscopy with X-ray microa-
nalysis (SEM/EDS). The most significant results were obtained by micro-Raman spectroscopy (MRS) and neutron activation 
analysis (NAA). Both methods together with X-ray fluorescence (XRF) were used for analyses of the samples of natural min-
erals. MRS showed the characteristic bands and XRF specified the major elemental composition of each sample. NAA al-
lowed assaying fluorine and numerous major and trace elements. Obtained results showed considerable variation in the 
composition of the natural mineral fluorite. The interpretation of the results measured on samples of paint layers was com-
plicated due to the predominant content of other pigments, and in NAA also due to interference from fission of uranium pre-
sent in samples. On the other hand, high uranium and low thorium contents in painting samples may point to Nabburg-
Wölsendorf as probable source deposits of violet fluorite. Collected data enables further comparative analysis and charac-
terization of the potential sources of fluorite for the preparation of the artistic pigment.  
This work has been financially supported by the project of the Ministry of Culture of the Czech Republic: ‘Historical tech-
nologies and modern methods of research. The interpretative possibilities of the specialized methods of research of medieval 
artworks using innovative technologies’(DF 13P010V010) and by the project CANAM (LM2011019) of the Ministry of Edu-
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The present paper reveals a characterization of painting materials from Norbert Grund’s paintings on the metal plate sup-
port that came into being during 1750s and 1760s. Norbert Grund (1717–1767) is one of the most important representatives 
of Rococo painting in Bohemia. Great popularity of his paintings is documented by inventory records and the numerous 
works produced by imitators, copyists and followers. The research concerning Grund’s painting technique enabled, among 
others, to distinguish the original author´s works and paintings by imitators and followers. In the collection of the National 
Gallery in Prague there are more than 40 paintings on metal support by Norbert Grund. The small-size cabinet paintings on 
metallic supports represent a considerable part of his oeuvre. The metal materials could provide a rigid and smooth surface 
to paint, however, their size was a partial limitation. The size of small-format paintings is typically not bigger than 30 by 40 
cm, but usually their dimensions do not exceed 15 to 25 cm. The painting technique on metal plate required special methods 
of the preparation of the support and materials used. To identify the painting technique and materials, non-invasive and non-
destructive analytical techniques were used, such as X-ray fluorescence (XRF), Optical Microscopy (OM), Scanning Elec-
tron Microscopy coupled with Energy Dispersive X-Ray Spectroscopy (SEM–EDS) were used. The most significant results 
were obtained by micro-Raman spectroscopy (MRS). Analyses were performed on the individual pigment grains or on the 
cross sections using the mapping mode for the identification of individual components present in the colour layers. MRS 
analyses were performed with Raman microscope Nicolet DXR (Thermo Scientific, USA) in combination with an Olympus 
confocal microscope. Each spectra were recorded in the 3000 to 50 cm
-1
 spectral range. The spectral resolution was 4 cm
-1
. 
Two lasers were used as the excitation source with wavelength of 532 nm (diode laser) and 780 nm (diode laser). Spectral 
data were elaborated with Omnic 9.2 (Thermo Nicolet Corporation) software. Furthermore, chromatography - mass spec-
trometry (GC-MS) technique was applied to specify the presence of lipid and resinous binding media. The emphasis was 
stressed on the handling of the ground and paint layers. Thanks to the analytical methods, it was possible to determine the 
exact materials used for supports, as well as the composition of pigments and binding media in different layers. The most 
numerous group includes supports made of iron plates coated with tin layer. though copper and brass supports were also 
identified. In addition, the surface corrosion products of metallic materials were documented. A palette of white, yellow, red, 
blue and black pigments was identified. The individual pigments as lead white, vermilion, earth pigments, lapis lazuli, car-
bon-based blacks and the most important pigment Prussian blue were detected. Walnut oil or linseed oil with additions of 
softwood resins were determined as major biding media of paint layers. The research of materials opened, among other 
things, a discussion about the authorship of some works previously attributed to Norbert Grund. The identification of blue 
pigment by micro-Raman spectroscopy has proved its importance. The dominant use of Prussian blue seems to exclude the 
use of other blue pigments in paintings by Grund. The results of this research allowed us to evaluated the materials of his 
pallet and specify the painting techniques on the metal support in the 18
th
 century. The work was realized thanks to the 
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Comparative analysis of casting technologies used for the manufac-
turing of cast iron dishware in the towns of Volga Bolgaria in 13th-
15th centuries (Tatarstan, Russia) 
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ABSTRACT: The availability of a ferrous metallurgy craft school in the territory of Volga Bolgaria in the period of 13th-15th 
centuries is confirmed by archaeological findings. However, a wide variety of cast iron articles and the instability of trade 
and craft centres in 13th-15th cc. brings up the issue of the continuity of cast iron technologies used in the leading towns of 
Volga Bolgaria, and the possible import of articles from other centres of the Golden Horde. One of the most significant in-
dustries of Volga Bolgaria (Republic of Tatarstan, Russian Federation) was ferrous metallurgy. The existence of Bolgar cast 
iron manufacturing in the Golden Horde period (13th-15th cc.) is indicated by numerous archaeological fragments of cast 
iron cauldrons and the remains of large kilns. The work features a comparative analysis of the research of cast iron disware 
items dating back to the period of Volga Bolgaria's decline and the emergence of a new regional trade and craft centre - the 
town of Kazan. Artefacts from excavations in Bolgar, Juketau and Kazan were studied using the techniques of scanning elec-
tron microscopy and emission spectral analysis. All studied items have the composition of steel-making iron. Their random 
or laminar highly dispersed structure signifies that the technology of cast iron production was imperfect. The structure con-
sists of complex phases which can be generally classified into grains of white cast iron with graphite, grey cast iron with 
graphite, and a boundary layer featuring a complex irregular microelemental composition. Items from Kazan are character-
ized by a wide diversity in terms of structure and chemical composition. Their structure is distinguished by a clearer separa-
tion of dendritic phases with a complex multiphase structure. The micro-trace analysis of their composition revealed an unu-
sual peculiarity which resides in the fact that Bolgar and Juketau cast iron contains aluminium, silicon and manganese, 
whereas the cast iron from Kazan is characterized by a greater diversity in terms of trace impurities. Practically all items 
contain a large amount of phosphorus, which indicates that wood was used as fuel in the production of cast iron. The cast 
iron industry of Volga Bolgaria in the late 13th - early 15th centuries was at an early stage of development and presumably 
developed independently from the other states of the Golden Horde. Cast iron dishware discovered in Kazan is characterized 
by its great diversity. This can be due to different craft schools, as well as the fact that the articles could have been imported 
from other regions of the Golden Horde. 
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ABSTRACT: Quantum dots (QDs) are fluorescent semiconductor nanocrystals with increasing use, mainly as labels 
for tagging or imaging in biological systems
1
. Like other classes of nanomaterials, they may eventually find their way 
into the environment. Thus it is of a high importance to research the toxicity of Cd-based QDs to environmental 
organisms, which may come into contact with QD-containing products when they are discarded. The purpose of this 
study was to determine the toxicity of two different sources of cadmium, i. e. CdCl2 and Cd-based QDs, for freshwater 
model plant Lemna minor. Cadmium telluride QDs were capped with two coating ligands: glutathione (GSH) or 3-
mercaptopropionic acid (MPA). Growth rate inhibition and final biomass inhibition of L. minor after 168-hour 
exposure were monitored as toxicity endpoints. Dose-response curves for Cd toxicity and EC50168h values were 
statistically evaluated for all sources of Cd to uncover possible differences among the toxicities of tested compounds. 
We also determined the total content of Cd and its bioaccumulation factors (BAFs) in L. minor after the exposure 
period to distinguish Cd bioaccumulation patterns with respect to different test compounds. Laser-Induced Breakdown 
Spectroscopy (LIBS) with lateral resolution of 200 µm was employed in order to obtain two-dimensional maps of Cd 
spatial distribution in L. minor fronds. Our results show that GSH- and MPA-capped Cd-based QDs have similar 
toxicity for L. minor, but are significantly less toxic than CdCl2. However, both sources of Cd lead to similar patterns 
of Cd bioaccumulation and distribution in L. minor fronds. Our results are in line with previous reports that the main 
mediators of Cd toxicity and bioaccumulation in aquatic plants are Cd
2+
 ions dissolved from Cd-based QDs. Financial 
support from the project CEITEC 2020 (LQ1601) from European Regional Development Fund is highly 
acknowledged. References: 
1
Jamieson, T., Bakhshi, R., Petrova, D., Pocock, R., Imani, M., Seifalian, A.M. Biological 
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We present a spectroscopic study of the reverse glass painting “Ohne Titel” created by Marianne Uhlenhuth in 1954. In 
contrast to stained glass technique, reverse glass painting doesn’t involve a firing step. Popular in the Renaissance it was 
nearly forgotten in the 18th century to be rediscovered in the beginning of the 20th. In this time, invention of new inorganic 
and synthesis of new organic pigments in combination with supersession of traditional colorants resulted in experimental 
works and sometimes remarkable pigment mixtures. The abstract painting under study was executed in a broad palette of 
colorants ranging from traditional to experimental. Using a multi instrumental and non-invasive approach we investigated 
pigments and binding media. We carried out in-situ measurements using Raman spectroscopy (i-Raman®Plus, Bwtek inc., 
785 nm, 20× objective, resolution 4 cm-1), X-ray fluorescence (Tracer III-SD, Bruker AXS Microanalysis GmbH, 40 kV, 15 
µA), VIS spectroscopy (SPM 100, Gretag-Imaging AG) and DRIFTS: Diffuse Reflection-Infrared-Fourier-Transform Spec-
troscopy (ExoScan, Agilent GmbH, 4000 – 650 cm-1, 256 scans, spectral resolution 4 cm-1). Phthalocyanin green (PG7, 
Colour Index No. 74260), viridian and emerald green (copper(II) acetate triarsenite) were used for the green areas. The 
yellow parts consist of chrome yellow and cadmium yellow. Hansa yellow G (PY1, C.I. 11680) was used for the dark yel-
low/orange part. Red areas were characterized by the presence of cadmium and selenium (cadmium red) in the XRF spec-
trum. Ultramarine was detected in the blue parts. Concerning the violet color PR81 (bluish red, Rhodamine 6G, C.I. 
45160:1) in mixture with PG7 (bluish green, C.I. 74160) were identified as main components. We want to outline that PR81 
was rarely found in paintings. PR81 was only recorded in the palettes of Lucio Fontana [1,2] and Mary Cassatt [3]. The 
dark violet areas consist of Prussian blue and an unknown red (organic) colorant. Brown iron oxide was identified as the 
brown pigment. Bone black in mixture with black iron oxide were used as black materials and zinc white and titanium white 
as white pigments. XRF analysis of the metal color yields intense copper, zinc and nickel peaks (intensity ratio 3:3:1), which 
corresponds to “new silver” alloy. Barite and chalk appear as fillers in this painting. Results of DRIFTS spectra show gum 
sometimes mixed with protein or oil (metal soaps) as binding media. The results point out that reverse glass paintings from 
the classic modern period are excellent examples to study the evolution of new pigments and their acceptance in artist’s pal-
ettes. [1] P. Gottschaller, N. Khandekar, L.F. Lee, D.P. Kirby, The evolution of Lucio Fontana's painting materials, Stud. 
Conserv. 57(2012) 76¬–91 [2] C. Zaffino, A. Passaretti, G. Poldi, M. Fratelli, A. Tibiletti, R. Bestetti, I. Saccani, V. Gug-
lielmi, S. Bruni, A multi-technique approach to the chemical characterization of colored inks in contemporary art: The mate-
rials of Lucio Fontana, J. Cult. Herit. (2016), http://dx.doi.org/10.1016/j.culher.2016.09.006 [3] C.L. Brosseau, K.S. Rayner, 
F. Casadio, C.M. Grzywacz, R.P. Van Duyne, Surface-Enhanced Raman Spectroscopy: A Direct Method to Identify Color-
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ABSTRACT: Significant portion of plants accumulate toxic elements and transport them from roots to the leaves. The com-
pounds of the toxic elements should strongly influence the metabolic processes; however, some plants are able to defend 
against this phytotoxicity by biochemical mechanism. For example, the oxidation state of elements in the nutrient should 
change after the uptake caused by metabolic processes [1]. In order to study the ion-transport mechanisms the distribution 
of chemical elements in hypocotyl of cucumber as a model organism were investigated. Cryogenic XRF micro-tomography 
and confocal imaging at HASYLAB Beamline L were applied for quantitative determination of distributions of toxic elements 
in hypocotyls. The lateral resolution of excitation synchrotron beam was 20µm with energy of 12.5, 17 and 22 keV providing 
optimal excitation condition. As a result of these experiments, elementary maps of interested elements such as Cr, Mn, Ni, 
Zn, Cu and As were measured and calculated in optional cross-sections of hypocotyls samples. In micro tomography meas-
uring mode the plant samples were excited in its original biological state with cooling by liquid nitrogen stream in order to 
limit the beam damage effect in the sample tissue should cause by the high flux of synchrotron beam. For neglecting the 
beam damage effect another experimental solution was applied with combination of confocal measuring setup and the appli-
cation of lyophilised cucumber samples. In order to improve the sensitivity of the 2D analysis we have developed the optimal 
measuring conditions for the experiments: fit the excitations energy to the atomic number of the elements, setting the optimal 
sampling frequency in the continuous measurement, selection of the accusation time etc. By setting the size of the voxels an 
improved lateral resolution of the elementary maps was achieved. Applications of these optimal measuring conditions single 
biological cells on the elementary maps of the hypocotyls were visible. A new quantitative algebraic reconstruction model 
[2] for evaluation of confocal micro X-ray fluorescence data has been developed for light matrixes (i. e. biological samples) 
and it was applied for determination of the elementary distributions. This theoretical model uses a generalized FPM ap-
proach to calculate 2D distribution of the concentration of the detected elements. In order to solve the non-linear system of 
equations describing the FPM calculation a new type of iterative algorithm was developed in MATLAB programing envi-
ronment for 2D confocal imaging using monoenergetic synchrotron radiation for excitation of the sample. 
ACKNOWLEDGEMENTS: This work has been partly carried out in the frame of VKSZ-14-1-2015-0021 Hungarian project 
supported by the National Research, Development and Innovation Found. The synchrotron radiation measurements were 
carried out at the light source DORIS III at DESY. [1] A. Gerényi, V. Czech, F. Fodor, L. Vincze, I. Szalóki, In-vivo 
XANES measuring techniques for studying the arsenic uptake in cucumber plants, X-Ray Spectrometry, 2016, DOI 
10.1002/xrs.2730. [2] I. Szalóki, A. Gerényi, G. Radócz, A. Lovas, B. De Samber and L. Vincze, FPM model calculation for 
micro X-ray fluorescence confocal imaging using synchrotron radiation, Journal of Analytical Atomic Spectrometry, 2017, 
32, 334–344, DOI: 10.1039/c6ja00161k. 
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ABSTRACT: Laser-Induced Breakdown Spectroscopy (LIBS) is an optical technique that allows fast multi-elemental analysis 
of different types of samples. In the last years, LIBS has been developed for various applications including biological sam-
ples due to its ability to distinguish among different bacterial strains [1], normal and malignant tumor cells [2] and others. 
In this work, rat liver tissues with different stages of fibrosis were characterized by LIBS. Liver fibrosis was induced in 
Wistar rats by injecting carbon tetrachloride (CCl4) and evaluated by using the Metavir scoring system. Previous to the 
analysis, samples were desiccated in a vacuum chamber at 10
-3
 Torr. LIBS measurements were carried out by using a 
Nd:YAG laser (operated at 1064 nm,1 Hz repetition rate and 50 mJ per pulse) to ablate the sample. Light was collected us-
ing an optical-fiber bundle and analyzed with an echelle spectrometer attached to an ICCD camera in the spectral range 
200-820 nm. Depth profiling in different sample positions was performed and line transitions belonging to Mg, Ca, Na, K, 
Fe and P were investigated. It was observed that as the laser penetrated into the sample, the emission intensity showed large 
fluctuation between consecutive shot; this is due to variations of electron density and temperature of the laser produced 
plasma. In order to decrease the relative standard deviation (RSD) between successive shot intensities, a correction was im-
plemented [3]. This procedure reduced the signal fluctuations (RSD) in a factor of about 2. LIBS signal shows that liver tis-
sues with the highest level of fibrosis exhibit an increment of calcium in a factor of 3 compared with a healthy liver tissue. 
Other elements such as carbon and potassium did not present significant changes. [1] M. Baudelet, J. Yu, M. Bossu, J. 
Jovelet, J.P. Wolf, Applied Physics Letters 89, 163903 (2006), pp. 1–3. [2] A. Kumar, F.Y. Yueh, J.P. Singh, S. Burgess, Ap-
plied Optics, 43 (2004), pp. 5399–5403. [3] V. Lazic, A. Trujillo-Vazquez, H. Sobral, C. Márquez, A. Palucci, M. Ciaffi, M. 
Pistilli, Spectrochimica Acta Part B: Atomic Spectroscopy, 122 (2016), pp. 103-113.  
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ABSTRACT: Systemic lupus erythematosus (SLE) and Sjögren’s syndrome (SS) are systemic autoimmune diseases with  
complex symptoms and pathogenesis that are still not completely understood. Several studies showed that the trace element 
homeostasis is changed in autoimmune disorders, however the results are controversial. In this study the potassium (K),  
calcium (Ca), magnesium (Mg), copper (Cu), zinc (Zn) and iron (Fe) concentration of the serum of patients with SLE and SS 
was determined by microwave plasma atomic emission spectrometry. The MP-AES 4100 (Agilent Technologies) instrument 
was launched to the market in 2011 which excitation source is supplied by nitrogen gas resulting in the most cost-effifective 
method in today’s atomic spectrometry. According to our results the Ca and K levels were found to be decreased in the case 
of both SLE and SS disorders compared to the control group and the competitive antagonism of Cu and Zn was also  
observed: elevated Cu concentration together with a lower Zn concentration was measured in the sera of patients with  
autoimmune diseases. Acknowledgement: Csilla Noémi Tóth was supported by the European Union and the State of Hunga-
ry, co-financed by the European Social Fund in the framework of TÁMOP 4.2.4. A/2-11-1-2012-0001 ‘National Excellence 
Program’. The research was supported by the EU and co-financed by the European Regional Development Fund under the 
project GINOP-2.3.2-15-2016-00008. We would like to highly acknowledge Agilent Technologies (Novo-Lab Ltd.) for 
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ABSTRACT: The genus Azospirillum includes more than 15 species of bacteria which occupy different ecological niches. It 
has been shown [1] that A. brasilense (strains Sp245 and Sp7), a ubiquitous and most widely studied phytostimulating rhizo-
bacterium of the genus Azospirillum, can reduce selenite (SeO3
2–
) to elementary selenium (Se
0
) in the form of Se nanoparti-
cles (Se NPs; nanospheres, 50–400 nm in size). Using strain A. brasilense Sp7, a scheme has recently been developed for the 
synthesis of extracellular Se NPs more homogeneous in size (around 90 nm in diameter); their zeta potentials were 
determined, and the Se NPs obtained were characterised by FTIR spectroscopy [2]. In this work, extracellular Se NPs were 
synthesised for the first time by Azospirillum thiophilum (strain VKM B-2513) using the same scheme [2] in the presence of 5 
mM Na2SeO3 and comparatively studied. A. thiophilum is a recently described species isolated from a sulphur bacterial mat 
collected from a sulphide spring [3]. The Se NPs obtained were separated including the removal of bacterial cells by cen-
trifugation and filtration, purified by triple washing in saline solution, and concentrated. The resulting Se NPs were charac-
terised by FTIR spectroscopy (as a dried layer on a ZnSe disc in the transmission mode) and Raman spectroscopy. For Se 
NPs produced by both A. brasilense Sp7 and A. thiophilum, Raman spectra in the low-frequency region (under 500 cm
–1
) 
showed a single very strong band at 250 cm
–1
 which, in line with its increased width (ca. 30 cm
–1
), can be attributed to 
amorphous Se [4,5]. FTIR spectra of the purified Se NPs showed the presence of capping biomacromolecules (proteins, pol-
ysaccharides, as well as lipids featured by increased C–H stretching modes as compared with FTIR spectra of bacterial bi-
omass). Relative contents of proteins and polysaccharides in the capping layer of the Se NPs noticeably differed for the two 
strains. It was also found that, in comparison with the earlier data [2], the amount of carboxylic moieties contained in biom-
acromolecular ‘shell’ can be noticeably decreased by washing, so that they are relatively loosely bound to the Se NPs sur-
face, in contrast to the biomacromolecular ‘shell’ itself. The Se NPs were also characterised by dynamic light scattering 
(DLS), UV-Vis spectrophotometry and transmission electron microscopy (TEM). Thus, a combination of FTIR and Raman 
spectroscopic approaches is highly informative in non-destructive analysis of structural and compositional properties of 
biogenic Se NPs, which differ even for bacteria of the same genus and can be controlled by modifying the procedures of their 
bacterial synthesis and purification. Acknowledgement. This study was supported in part by The Russian Foundation for 
Basic Research (Grant 16-08-01302-a). [1] A.V. Tugarova, E.P. Vetchinkina, E.A. Loshchinina, A.M. Burov, V.E. Nikitina, 
A.A. Kamnev. Microb. Ecol. 68 (2014) 495-503. [2] A.A. Kamnev, P.V. Mamchenkova, Yu.A. Dyatlova, A.V. Tugarova. J. 
Mol. Struct. (2017) DOI: 10.1016/j.molstruc.2016.12.003. [3] K. Lavrinenko, E. Chernousova, E. Gridneva, G. Dubinina, V. 
Akimov, J. Kuever, A. Lysenko, M. Grabovich. Int. J. Syst. Evol. Microbiol. 60 (2010) 2832-2837. [4] G. Lucovsky, A. 
Mooradian, W. Taylor, G.B. Wright, R.C. Keezer. Solid State Commun. 5 (1967) 113-117. [5] O. Van Overschelde, G. 
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ABSTRACT: Alzheimer’s disease (AD) is the most common cause of dementia and one of the major hallmarks of AD is the 
progressive deposition of Aβ protein fragments into β-sheet rich amyloid fibrils in excellular neuron cells. Extensive studies 
on Aβ have indicated that the most neurotoxic forms of Aβ aggregation forms are small oligomers rather than the Aβ fibrils 
in the late aggregation stages. Metal ions, such as copper and zinc, have been implicated in the pathogenesis of Alzheimer’s 
disease through a variety of mechanisms including increased amyloid-β affinity and redox effects. The exact mechanism of 
the Aβ, together with metal ions aggregation process remains unclarified. Fluorescence correlation spectroscopy (FCS) is a 
correlation analysis of fluctuation of the fluorescence intensity, which allows the analysis of dynamic processes in biological 
systems with extremely high temporal and spatial resolution and minimal disturbance to the system. In this study, we applied 
FCS as well as multiple ensemble and single molecule level investigations to characterize the aggregation kinetics and sec-




. Our results indicated that, (1) the Aβ(1-42) 
peptide was aggregated through two distinct pathways, one leading to long amyloid fibrils and the other to relatively stable 




, the secondary structure and aggregation kinet-










increased the size of Aβ(1-42) oligomers. This research provides correlated analysis of Aβ(1-42) ag-




 at single molecule level, together with the secondary structure change of 
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ABSTRACT: In the Nanoparticle Enhanced Laser-Induced Breakdown Spectroscopy (NELIBS) experiment nanoparticles 
applied on the studied sample surface increase detected signal and improve limits of detection. It was already shown that 
the enhancement of detected signal in NELIBS is selective, i.e. occurs only for certain emission lines in whole measured 
spectral range, and is strongly affected by the quantum parameters, plasma temperature etc. In this work we investigated 
selectivity from two aspects: i) its dependency on the emissions line central wavelength and ii) level of enhancement. The 
focus was given namely to quantum properties of individual emission lines (values of upper energy levels and Einstein 
coefficients) of minor and trace elements in the measured spectral range.  
The plasma temperature identified from the Saha-Boltzmann equation and the electron density were studied also. Both 
with the connection to the selectivity and enhancement level of chosen emission lines. This was performed with the 
purpose to characterize the enhancement effect in detail. NELIBS measurements were performed on different metallic 
alloys with the spherical silver nanoparticles applied on the sample surface. To evaluate the enhancement selectivity 
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Control of the depth resolution and crater diameter in elemental 
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ABSTRACT: Compositional depth profiling represents one of the main analytical advantages of laser-ablation based spec-
troscopic techniques such as laser induced plasma/breakdown spectroscopy (LIPS/LIBS) and laser ablation inductively cou-
pled plasma emission or mass spectroscopy (LA-ICP-ES or LA-ICP-MS). These techniques can play a crucial role for ad-
dressing several material characterization problems involving multilayered microstructures. On the other hand, when they 
are used in order to achieve elemental depth profiles through relatively thick superposition of strata (depth much larger than 
the laser spot), complex crater shape transformations are observed during the measurement, which determine substantial 
changes on the actual analytical depth resolution. In particular, significant increases of the crater diameter have been re-
ported in both LIPS and LA-ICP applications above a given aspect ratio threshold. However, so far, experimentally support-
ed models providing satisfactory descriptions of such a phenomenon and of the associated changes in depth resolution is still 
missing. Here, the phenomenological results have been successfully compared with an interpretative scheme based on the 
modelling of the temporal evolution (while releasing the laser pulse sequence to the target) of the laser propagation through 
the plasma region. We show that a simplified analytical model using geometric optics can allow interpreting the experi-
mental data of the depth profile resolutions and crater size/shape evolutions. The observed trends of crater-shapes and ele-
mental signals during LIPS depth profiling of metal samples are discussed according to the pulse energy redistribution due 
to laser-crater-plasma interactions, as evaluated by means of optical simulations. Spectral emission and depth profiles have 
been correlated with the associated variations of ablation rates and crater shape parameters, in order to derive a general 
optimization criterion for maximizing the resolution of elemental depth profiles. 
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ABSTRACT: This work aims to investigate the emission enhancement in dual-pulse femtosecond laser-induced breakdown 
spectroscopy (LIBS). We discuss line intensity enhancement mechanisms and possible applications of femtosecond dual-
pulse LIBS for imaging with high spatial resolution. The fundamental radiation of a Ti:sapphire femtosecond laser (λ = 800 
nm, t ≈ 175 fs, frep = 1 kHz) was frequency-doubled with a BBO crystal (λ = 400 nm) and the 400 nm and 800 nm beams 
were spatially separated by a dichroic mirror. The 400 nm pulse was focused under perpendicular incidence on the sample 
(biconvex lens of focal length f1 = 15 mm) and ablated material from the sample surface (crater diameter d ≥ 2 µm). The 800 
nm pulse was delayed about 300 ps with respect to the ablation pulse and focused (f2 = 200 mm) on the sample under 
oblique incidence (~ 45°). The inter pulse delay was chosen in order to obtain stable plasma conditions with optimum signal 
enhancement [1][2]. Plasma was induced on metal bulk and thin film samples and the optical emission spectra were 
measured in collinear geometry using an Echelle spectrometer and ICCD camera for broadband and time-resolved 
detection. We measured emission line intensities, plasma temperature Te, and electron number density Ne in dependence of 
the energy of the two fs laser pulses and the detection delay time. Strongest dual-pulse enhancement of Cu line intensities (up 
to 25×) is observed at low energy of the ablation pulse. Similarly, the 
volume of dual-pulse ablation craters increases at low energy of the 
ablating pulse (up to 10×). The time-resolved plasma parameters Te and Ne 
are very close for single-pulse (400 nm) and dual-pulse (400 nm + 800 nm) 
excitation. Our results indicate that femtosecond dual-pulse signal 
enhancement on metals is mainly due to an increased ablation rate rather 
than to plasma re-heating effects. Figure1: Illustration of fs dual pulse 
experiments. [1] V. Piñon et al., Double pulse laser-induced breakdown 
spectroscopy with femtosecond laser pulses, Spectrochimica Acta Part B: 
Atomic Spectroscopy, Volume 63, Issue 10, October 2008, Pages 1006-
1010 [2] Wang et al., Enhancement of laser-induced Fe plasma 
spectroscopy with dual-wavelength femtosecond double-pulse, J. Anal. At. 
Spectrom., 2016,31, 497-505 Acknowledgements: Financial support by the 
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ABSTRACT:  Among the metals largely used for industrial purposes, special attention should be given to chromium, which is 
used in a number of industrial. Chromium is found in its two most stable oxidation states of Cr(VI) and Cr(III), which have 
different toxicity, mobility and bioavailability. Cr(VI) is known to be toxic to both plants and animals as well as potentially 
being carcinogenic, while Cr(III) as essential to human
1
. So, it is essential to develop analytical methods for quantifying the 
targeted two forms and the use of prior extraction and/or preconcentration step of the sample can aid in improving chromi-
um determination by spectroscopy methods. Solid phase extraction (SPE) based on the selective or simultaneous retention of 
Cr(III) and Cr(VI) sorbents is the most widely employed procedures for the chromium speciation
2
, but magnetic solid phase 
extraction (MSPE) has been used successfully in various preconcentration procedures. Magnetic nanoparticle, as a new kind 
of nanometer-sized material, is widely used in the fields of chemistry and medicine. Use of them have become increasingly 
popular for the development of magnetic extraction methods due to the advantages of easy control and simple separation, 
once these particles can be collected by an external magnetic field. In this context, this work evaluates the use of magnetite 
to speciation of chromium ions and detection by FAAS. Magnetite nanoparticles were prepared by coprecipitation method. 
In brief, a solution containing FeSO4 and FeCl3 in H2O was prepared and acidified with HCl. The ions were dissolved with 
stirring, and the solution has resulted in a precipitated by the NH4OH addition. Synthesized particles were decanted mag-
netically by a magnet, filtered, washed with water and dried in an oven. The aqueous pH affect significantly metal ion ad-
sorptions, influencing surface chemistry, determining the adsorbent surface charge and the degree of ionization, and specia-
tion the adsorbed species
3
. The effect of pH solution on the Cr(VI) and Cr(III) separation was investigated by varying the pH 
from 1 to 12. So, the pH was adjusted by adding 0.1 mol L
-1
 HNO3 or 0.1 mol L
-1
 NH4OH. Twenty-five milliliters of a solu-
tion containing separately each species were placed under stirring with 0.0065 g of magnetite for 1 hour, after there was a 
magnetic separation and the concentration of chromium species was measured in supernatant, and retained  amount of 
chromium in magnetite was calculated by the difference between the initial and final concentrations. The Cr(VI) ions have a 
maximum adsorption at pH 3, while the trivalent species has your maximum adsorption at pH 8-9, in which the hexavalent 
species adsorption is rarely observed. In aqueous systems, the surface of iron oxides is covered with FeOH groups. Surface 




 functions at pH values below or 





equal. The measured pHpzc (9.2) of magnetite surface is close to neutral. High Cr(VI) adsorption occurs in the lower pH 
acidic range where magnetite´s surface has a net positive charge from FeOH2
+





). Increasing pH leads to a decrease in Cr(VI) adsorption, since as surface FeOH2
+
 sites are increasingly converted 
to FeO
-
, electrostatic attractions to anionic chromium species drop and repulsions increase. In contrast, the electrostatic 
attractions between  FeO- and Cr(III) species (Cr(OH+2 ) . Thus, Cr(VI) can be separated when the initial pH of the solution is 
in the range of 1-3, while the Cr(III) can be separated when the initial pH of the solution is between 8 and 9. [1] C.R. Myers, 
J.M. Myers, B. P. Carstens, W. E. Antholine. Toxic Subst. Mech 19(2000)25-51 [2] V.N. Alves, N. M. M. Coelho. Micro-
chemical journal 109 (2013)16-22 [3] D. Mohan, H. Kumar, A. Sarwast, M. Alexandre-Franco, C. U. Pitmtman Jr. Chem. 
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Application of WDXRF analysis for paleoclimatic investigations 
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Vinogradov Institute of Geochemistry, Siberian Branch of Russian Academy of Sciences, 
1A Favorsky st., Irkutsk, Russian Federation 
*alena_amosova@mail.ru
ABSTRACT: The basis for investigation of the total and regional past climatic and environmental changes is the precise de-
termination of the elemental composition of bottom sediments. The concentrations of major elements accumulated in 
sedimentary records over longer time periods are used to track possible causes, timing and intensity of weathering processes 
in the lake catchment areas. Small material mass (less than 300 mg) is the main difficulty in bottom sediments core analysis. 
We developed X-ray fluorescence technique using only 110 mg of sample for quantitative analysis and used it for analysis of 
143 cm-long core from the lake Baunt (Republic of Buryatia, Russian Federation). The mineralogy of the terrigenous 
component was studied by X-ray powder diffraction analysis. Ten certified reference materials of sedimentary rocks were 
utilized for estimation of reproducibility of sample preparation, measurement and for calibration curves construction. 
Homogenization by the fusion with lithium metaborate in platinum crucibles in electric fluxer at 1050 °C was employed to 
eliminate the influence of mineral and grain-size composition. Obtained discs up to 10-12 mm in diameter were analyzed on 
wavelength-dispersive X-ray fluorescence spectrometer S8 Tiger equipped with Soller optical system, X-ray tube with Rh 
anode and collimator mask 8 mm. To account matrix effects the fundamental parameter method was applied. Results of 
major rock-forming oxides determination (Na2O, MgO, Al2O3, SiO2, P2O5, K2O, CaO, TiO2, MnO and Fe2O3) were compared 
with the data of spectrophotometry and flame photometry techniques, results of Sr and Zr determination were compared with 
the data of synchrotron radiation excited X-ray fluorescence technique. Relative standard deviation of analytical results 
corresponds to requirements of quantitative analysis and do not exceed 3 % for major oxides (Al2O3, SiO2, Fe2O3) and 10% 
for other elements. Obtained element concentrations, its ratios and calculated climatic modules represent sedimentation 
conditions triggered by environmental and climate changes such as chemical changes in lacustrine sediments, relative 
chemical weathering intensity and degree of sediment maturity. Quantitative analysis of the each centimeter of Lake Baunt 
sediment core allowed building first reconstructions of the local environment during last 7000 years with unique resolution 
about 100 years. X-ray fluorescence analysis is carried out by the financial support by Russian Science Foundation (project 
№ 16-17-10079). Drilling expeditions, spectrophotometry and flame photometry analyses were carried out by the financial 
support of the Russian Foundation for Basic Research (projects № 15-05-01644 and № 16-35-00235). Measurements were 
performed using equipment of the joint use centers (Geodynamics and Geochronology Center, Isotope-geochemical 
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ABSTRACT: Climate changes largely determine the lake sedimentation at the regional scope. The data on the landscape and 
climatic conditions derived from geochemical and palynological investigations present valuable information about environ-
ment and climate changes. 143 cm-long bottom sediments core from the lake Baunt (Republic of Buryatia, Russian Federa-
tion) was analyzed on a wavelength-dispersive X-ray fluorescence spectrometer S8 Tiger by technique using fusion prepara-
tion that enables to analyze small weight (110 mg) samples. The proposed technique allows determining major rock-forming 
and some microelements (Sr, Zr) in the bottom sediments with the analyzed material shortage. High correlation coefficients 
between Al2O3, K2O, MgO and TiO2 (0.89-0.93), SiO2 and Al2O3 (-0.69), SiO2 и Fe2O3 (-0.65), CaO, Na2O and Al2O3, K2O, 
MgO, TiO2 (0.65-0.71) can be explained by the mineral composition presented by Na, K and Mg aluminosilicates with Fe 
and Ca impurities. High correlation coefficient between P2O5 and MnO (0.90) with high iron content in some samples can 
be explained by the presence of mineral vivianite, that corresponds to lakes Baikal and El’gygytgyn data. Quantitative de-
termination of those elements is the basis for estimation of important ratios and climatic modules, representing sedimenta-
tion conditions triggered by environmental and climate changes such as chemical changes in lacustrine sediments, relative 
chemical weathering intensity and degree of sediment maturity. We assessed varying of climatic modules: chemical index of 
alteration (from 71.7 to 74.5), chemical index of weathering (from 79.5 to 83.4)), the plagioclase index of alteration (from 
76.9 to 81.1) and chemical proxy of alteration (from 87.0 to 91.6). High correlation coefficients (0.86-0.96) are observed 
between all these indexes. The varying of titanium module (from 8.6 to 9.7), aluminosilicate module (from 0.2 to 0.3) and the 
ratio of Zr and Sr concentrations (from 0.33 to 0.45) were also calculated. Combination of obtained high-resolution geo-
chemical and pollen records from Baunt Lake was used to derive characteristics of the weathering natural conditions in the 
catchment area of the lake. Analysis of sediments with average time resolution of about 100 years provided an excellent op-
portunity for reconstructing the regional climate and landscapes throughout the Middle-Late Holocene. X-ray fluorescence 
analysis is carried out by the financial support by Russian Science Foundation (project № 16-17-10079). Drilling expedi-
tions and X-ray diffraction were carried out by the financial support of the Russian Foundation for Basic Research (projects 
№ 15-05-01644 and № 16-35-00235). Measurements were performed using equipment of the joint use centers (Geodynamics 
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Antarctic Environmental Specimen Bank: A playground for analyti-
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ABSTRACT: Environmental Specimen Banks (ESBs) are facilities that archive samples from the environment for future re-
search and monitoring purposes. The samples are collected using validated procedures and stored under well-defined pre-
servative conditions, so that they can be used to analyze temporal trends of known hazardous substances, previously unrec-
ognized pollutants, or chemical species of environmental interest for which analytical techniques were inadequate at the time 
of sampling. Therefore, ESBs are valuable resources of specimens for real-time and retrospective monitoring purposes, as 
well as to test new analytical methods and techniques. In the past 20 years, the Antarctic ESB have supported many envi-
ronmental projects, and concurrently stimulated a great deal of research in the analytical chemistry field, in order to face 
the challenges related to the ultra-trace analysis of polar matrices. In particular, a number of studies concerned the ele-
mental, speciation and isotopic analysis of environmental samples (atmospheric particulate, surface snow, marine organ-
isms, sea-water and sea-ice) using plasma source atomic emission and mass spectrometry, atomic absorption spectrometry 
and hyphenated techniques. In this presentation, representative examples of ESB-based studies involving the spectrochemi-
cal analysis of Antarctic samples are presented and discussed. It is shown how the analytical needs arising from these inves-
tigations stimulated the development of new analytical methods and how the developed methods successfully provided valua-
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ABSTRACT: Rice is one of the most common food for the most of the world. It is an important source of energy, vitamins, 
amino acids, minerals and other nutrients for humans. The mineral content of rice is highly influenced by the degree of pol-
ishing/milling and the contents of mineral elements in rice are closely related to public health. Due to its large consumption, 
the accurate determination of the elemental composition of rice is of utmost importance for estimating the population’s die-
tary intake of nutrients and their exposure to toxic elements. In this study, a practical method was described to determine 
various elements in different rice samples using microwave induced plasma optical emission spectrometry (MIP OES). Prior 
to analysis, rice samples were dried at 110°C overnight then ground using an agate mortar. The powdered rice samples and 
standard reference material were weighted around 0.1 g and digested using 10 mL HNO3 till clear digests were obtained. To 
be on safe side, digests then filtered through and then directly aspirated to the plasma. All determinations were performed 
using aqueous standards for calibration. The LOD values for were calculated. The analytes in certified reference material 
was determined in the uncertainty limits of the certified values as well as the analytes added to the samples prior to digestion 
were recovered quantitatively (> 90%). No spectral interference was detected at the working wavelengths of the analytes. 
Finally, the analyte concentrations in various types of rice samples were determined.   
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ABSTRACT: Chocolates especially stimulate the potential stimulants, relaxants and antidepressants that give joy and pleas-
ure to children [1,2]. The main components of chocolate are cocoa butter, chocolate liquor and sugar. However, the compo-
sition of the chocolate depends on the product. While dark colored chocolates with a high degree of cocoa are generally 
considered a good source of magnesium and copper, milky and white chocolates are a good source of calcium [3]. Excessive 
consumption of confectionery products with it causes incidences of type 2 diabetes, obesity and tooth decay [4]. Particularly 
cocoa-containing foodstuffs, cause high levels of nickel, chromium and lead contamination, posing a threat to human health 
[5]. Chocolate is a complex sample with a high content of organic compounds, and its analysis usually involves digestion 
procedures (dry, wet and microwave digestion) that could pose the risk of sample loss and contamination. In this study, a 
novel and highly sensitive method based on induced by emulsion breaking, is proposed for rapid simultaneous determination 
of copper (Cu), iron (Fe), chromium (Cr), lead (Pb), manganese (Mn), magnesium (Mg), nickel (Ni) and sodium (Na) in 
chocolate samples by flame atomic absorption spectrometry. This method is simpler and requires fewer reagents when com-
pared with other sample pre-treatment procedures and allows the calibration to be carried out using aqueous standards. The 
emulsions were prepared by mixing the melted chocolate samples (3 gram) diluted in toluene with 7% m/v Triton X-114 solu-
tion in 10% v/v HNO3. The emulsion breaking was performed by heating at 80± 2 °C following by centrifugation to improve 
the separation, resulting in two distinct phases. The aqueous phase was analyzed by FAAS using inorganic standards solu-
tions for external calibration. Cu, Fe, Cr, Pb, Mn, Mg, Ni and Na were totally extracted at a single extraction step. [1] M. 
Macht, J. Mueller,  Appetite 49 (2007) 667–674 [2] G. Parker, I. Parker, H. Brotchie, Journal of Effective Disorder 92 
(2006) 149–159 [3] F.M. Steinberg, M.M. Bearden, C.L. Keen, Journal of the American Dietetic Association 
103 (2003) 215-223 [4] G.H. Anderson, Nutritional Research 17 (1997) 1485–1498 [5] S. Dahiya, R. Karpe, A.G. Hegde, 
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ABSTRACT: The metal content of margarine is an important indicator of their quality [1]. The amount of metals in the oil 
can be related both to the environment and to oil processing and storage conditions [2]. Oil and fats can cause spectral in-
terventions due to the formation of nearly totally organic matter, which leads to time-consuming sample mineralization pro-
cedures for sensitivity improvements [1]. Procedures such as extraction, preconcentration and acid digestion have been used 
to reduce the effect of the organic matrix. For this reason, although there are many studies on the determination of trace 
elements in oil samples, this work area is not yet complete [3].  
The purpose of this study is to suggest a new strategy for preparation of induced by emulsion breakdown procedure prior to 
determination of copper, manganese and nickel in margarine samples by graphite furnace atomic absorption spectrometry 
(GF-AAS). Several parameters affecting the performance of the procedure such as oil phase: aqueous phase ratio, type and 
concentration of surfactant, concentration of HNO3, temperature were investigated. Total quantitative extraction of Cu, Mn, 
and Ni could be achieved when 4 g of margarine sample was emulsified in 2 mL of 7 % Triton X-114 (in % 10 HNO3). The 
emulsion obtained under these conditions was broken at 80 ° C. The studied metal content in the separated aqueous phase 
was analyzed by GF-AAS using inorganic standard solutions for external calibration. The accuracy of the proposed proce-
dure was tested by comparison with the reference procedure based on the total digestion of the samples in microwave acid 
digestion procedure and by spiking the samples with known concentration of Cu, Mn and Ni, added as organometallic oiled 
standard. [1] A. Zhuravlev, A. Zacharia, S. Gucer, A. Chebotarev, M. Arabadji, A. Dobrynin, Journal of Food Composition 
and Analysis 38 (2015) 62–68 [2] Roseli M. de Souza, Barbara M. Mathias, Carmem Lucia P. da Silveira, Ricardo Q. Auce-
lioT, Spectrochimica Acta Part B 60 (2005) 711 – 715 [3] Alex M. Trevelin, Rubia E.S. Marotto, Eustaquio V.R. de Castro, 
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ABSTRACT: Metal contamination in aquatic environment has attracted global attention recently. Bacteria, zooplankton and 
fish represent different trophic levels in the food chain and indicate the quality of the surrounding water.  In our research we 
investigate the accumulation extent of the inorganic contaminants accessing the aquatic food chain (including zooplankton 
and fish species). In the preliminary experiments the zooplankton organisms are reared in contaminated model media and 
the accumulated concentrations of elements are measured from their tissues providing information about the extent of  
pollution. The retention of two elements (Mn and Fe) was studied in one salt water (Artemia nauplii) and in one freshwater 
(Daphnia pulex) zooplankton species. We applied five treatments with different concentrations of these trace minerals and 
after the 24 hours enrichment period the accumulation of the elements were analysed by two atomic spectrometric methods 
(MP-AES and ICP-OES). In case of Artemia the concentration of Mn increased in parallel with the dose of the  
supplementations. Opposite this, examining the Fe concentrations in the five treatments there were no significant difference. 
Based on the results, Daphnia amass iron and manganese more effectively, than Artemia. The level of both elements  
increased in parallel with the dose of the supplementations in the freshwater organisms. This research proves that these 
creatures are able to effectively accumulate inorganic nutrients and pollutants in their body. Thus, by serving them as  
resource for consumers on higher trophic levels (including fish), the accumulation through live food can be determined. 
ACKNOWLEDGMENTS: Petra Herman was supported through the ÚNKP-16-2-I New National Excellence Program of the 
Ministry of Human Capacities. The research was supported by the EU and co-financed by the European Regional Develop-
ment Fund under the project GINOP-2.3.2-15-2016-00008. We would like to highly acknowledge the Agilent Technologies 
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ABSTRACT: Tree sap is the fluid responsible to transport water and essential nutrients throughout the plant. There are  
countries where the early spring sap is harvested of some species for human consumption: from the commodity of beers, wine 
or honey to the folk medicinal use. However, plant can accumulate toxic elements and substances from the soil and air that 
can have adverse health effects. The aim of this study is to determine the mineral content and elemental contamination of tree 
sap originating from different species and areas of Hungary. Athmospheric and microwave-assisted digestion was compared 
to find the most suitable sample preparation process. The elemental concentration of sap samples was determined by MP-AES 
method and the results were verified by ICP-OES technique. Statistical analysis was used to evaluate the data. Results showed 
that the microwave-assisted digestion was more efficient and the more cost effective MP-AES method proved to be 
appropriate for the trace element analysis of tree sap. Significant difference occured among the sampling locations and tree 
species regarding the elemental composition. Acknowledgement: The research was supported by the EU and co-financed by 
the European Regional Development Fund under the project GINOP-2.3.2-15-2016-00008. We would like to highly 
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ABSTRACT: A simple, fast and environmentally friendly ligandless preconcentration technique based on ultrasonic--
assisted ionic liquid - liquid–liquid phase microextraction (UA-IL-LLME) has been developed and used for analysis 
of trace antimony and tin in different in beverage samples. The IL (Aliquat 336) was dissolved in n-butyl acetate and 
used as a low density hydrophobic extractant solvent. The quantification of trace-metals was carried-out using 
inductively coupled plasma-optical emission spectrometry for simultaneous determination of Sb and Sn in various 









 = 0.9991) for Sn. The LOD and LOQ (n=10) were found to be 2.5 ng L
-1
 
and 8.3 ng L
−1
for Sb and 1.2 ng L
−1
 and 4.0 ng L
−1
 for Sn, respectively, with high preconcentration factors (250, Sb 
and 275, Sn). The precisions [intraday (repeatability; n = 15) and interday (reproducibility; n = 7 working days)] of 
the proposed UA-IL-LLME method, expressed in terms of relative standard deviation (% RSD) at 50.0 µ g L 
1
 
ranged from 2.1-2.5% and 3.9-4.7% for Sb and Sn, respectively. The effect of coexisting ions in the extraction and 
preconcentration of Sb and Sn in the real samples were investigated. The proposed method was successfully applied 
for determination of Sb and Sn in different nonalcoholic beverage samples. The analytical results of the developed 
method were in good agreement with those obtained using reference method and good spiked average recovery of 
98.3% was obtained. 
 
	
Poster Session II - PP13
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ABSTRACT: When laser-induced plasma is placed between the plates of a planar charged capacitor, the plasma 
generates a transient redistribution of the electrical charges on the plates that can be easily measured as a volt-
age drop across a resistor connected to the ground plate (1). This signal is proportional to the capacitor applied 
voltage, the distance between the plates and the total number of ions removed by breakdown which in turn is re-
lated to the laser energy deposited in the breakdown process and the electron density of the plasma.  Moreover, 
this method can be applied for characterization of breakdown in gas or ablation of solid targets.  In this work we 
show that the electrical signal measured on the resistor is univocally related to the consumed energy during the 
breakdown process, the electron density of the plasma and the ablated mass from the target. Therefore, after a 
proper calibration depending on the material and the experimental geometry, the peak of the electrical signal can 
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ABSTRACT: In transient thin plasmas assumed in LTE condition such as LIP, the slope of the Boltzmann plot varies with  
time depending on the experimental conditions in which the plasma was generated.  The variation in time of the Boltzmann 
plot describes a surface in the space defined by the coordinates X= Energy, Y=Time and Z= ln (Ij/gjAjl), where Ij is the inte-
grated intensity of the spectral line, gj  is the statistical weight of the level j  and Ajl is the transition probability of the consid-
ered line, so if we know several points corresponding to that surface it is possible to predict the value of another unknown 
point.  The aim of this work is to represent the time evolution of the intensities of the spectral lines through a reduced num-
ber of constants B1, B, ... Bs by means a power series and therefore to know the temporal evolution of the plasma tempera-
ture. . From the comparison between the polynomials corresponding to different spectral lines which belong to the same ion 
under analysis, it is possible to determine whether they are useful for Boltzmann plots by a simpler procedure than others, 
and if their superior energy levels have been properly assigned. 
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ABSTRACT: The wavelength-dispersive X-ray fluorescence method is widely used for elemental composition determination 
in analyzing geological objects, such as minerals, rocks and ores. The position of peak, shape and intensity of some emission 
lines and satellites are affected by the chemical bond. It allows using X-ray fluorescence also for estimation of determination 

















). We investigated influence of chemical bond on intensity of X-ray fluorescence emission 
spectra and have developed the number of techniques for determination some elements valence state and speciation in geo-
logical objects. Our technique is based on the search of spectrum positions wherein intensity is highly affected by chemical 
state of elements. Due to intensity of all spectral lines depends on total content of element, we used ratio of chosen lines in-
tensity to intensity of line, in lowest rate affected by chemical state. For iron valence state determination in rocks we used 
ratio of FeKβ5 line, caused by transition from valence level (M4M5), to intensity of FeKβ1,3 line as the analytical parameter. 
Those investigations are important in geological, geochemical and petrologic studies, for example to identify oxygen activity 
in magma and equilibrium between minerals and silicate melts. Precision of Fe
2+
 content determination in igneous and sed-
imentary rocks by our technique was comparable with precision of titrimetric technique, that is more labor-consuming and 
long than our X-ray fluorescence technique and does not allow analyzing of some object with high manganese contents, such 
as ferromanganese nodules. Our X-ray fluorescence technique allows to determine not only Fe
2+
 content in nodules, but also 
to estimate Mn
4+ 
content using ratio of line intensities MnKβ5 and MnKβ1,3 as the analytical parameter. Satellites of emission 
Kβ spectrum (Kβ’, Kβ’’, Kβ
x
) caused by transition from valence levels can be used for estimation of speciation (oxides, sili-
cates or carbonates) of iron and manganese in ores. Those data can be used for estimation of ores quality and further min-
ing. Another element that can be used for ores quality estimation is sulphur. Using ratio of SKβ’ satellite and SKβ1,3 line in-
tensities ratio allows us to distinguish sulphide sulphur from sulphate and sulphite sulphur, due to SKβ’ satellite precondi-
tioned by transition from molecular orbital formed by oxygen. Chemical shifts of SKβ1,3 and SKα1,2 lines allow to determine 
sulphide sulphur content with precision compared with gravimetric technique.  Measurements were performed using equip-
ment of the joint use centers (Geodynamics and Geochronology Center, Isotope-geochemical Research Center) and finan-
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ABSTRACT: The technique of main components quantitative determination (Cr2O3, Fe2O3, MgO, TiO2, SiO2, Al2O3, CaO and 
V) in chromium ores by wavelength-dispersive X-ray fluorescence analysis is proposed. We used fusion technique for the 
homogenization of powder samples. Samples were calcinated in muffle furnace at 950 °C. 180 mg of calcined samples were 









 6 drops of 10% KNO3 solution were added. Dulition factor was 1:20.We 
studied utilization of different fluxes (lithium metaborate, lithium tetraborate and their mix) and concluded that lithium 
tetraborate provides the best repeatability of measurement and preparation. The measurements of X-ray emission spectra 
were carried out using a wavelength-dispersive X-ray fluorescence spectrometer S8 Tiger (Bruker, Germany) equipped with 
the Rh anode X-ray tube and Soller optical system. To correct matrix effects we applied the algorithm of fundamental pa-
rameters provided in spectrometer software SpectraPlus. Fifteen calibration samples were analyzed by spectrophotometric, 
flame photometric and gravimetric techniques and then were used for calibration curves constructions. Mineral composition 
of analyzed samples varies from igneous rocks of ultrabasic compositions (dunites, serpentenites et al.) with low chromium 
content (less than 1 %) to chromium ores containing basically minerals chromite FeCr2O4 and magnesiochromite MgCr2O4. 
Calibration curves for chromium content determination were constructed for two ranges (less than 20 % and 20-40 % mass 
of chromium). Relative standard deviation for Cr2O3, Fe2O3, MgO, Al2O3, SiO2 and CaO determination was less than 2 rel. 
%, for TiO2, MnO and V - less then 8 rel. %. Three certified reference materials of chromium ores were analyzed by pro-
posed X-ray fluorescence technique. Results of analysis and certified values are in good agreement. Proposed technique can 
be applied for quantitative determination of major components in chromium ores by X-ray fluorescence analysis. Measure-
ments are carried out using equipment of the joint use centers (Geodynamics and Geochronology Center and Isotope-
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ABSTRACT: Due to detrimental effects of excessive fluorine on human health, its concentration in tea is known 
as the richest F source is of importance. The tea consumption spread in a wide range from person to person. 
Some people are heavy addicts and consumes great amounts of tea daily. Therefore, fluorine intake from tea may 
reach to dangoerous levels. In this study, the fluorine concentrations in various black tea, green tea, white tea 
and other herbal tea samples as well as in their infusions were determined by high resolution continuum source 
molecular absorption spectrometry applying direct solidsampling and solution techniques, respectively. Total 
fluorine has been determined in tea samples after digestion by high resolution continuum source MAS.In 
addition, fluoride ions in tea infusions were determined by ion selective electrode. However, it has not been 
determined by solid sampling technique. For this purpose, CaF was formed upon addition of calcium to solid 
samples or infusions in the graphite furnace. Total florine concentrations in tea samples and in their infusions 
were determined via molecular absorption of CaF at 660.440nm applying a pyrolysis temperature of 1000 °C 
and a molecule forming temperature of 2200 °C for both solid sampling and solution techniques. Solid sampling 
eliminated the time and reagent consuming digestion and prevent the the loss of analyte which is an important 
risk for F. The limit of detection and characteristic mass of the method were 0.20 ng and 0.17 ng of fluorine, 
respectively. It was found that after infusion, the most of the fluorine (>50%) in solid samples were extracted to 
water depending on the sample and the duration of infusion. Black and green tea samples contained the highest 
fluorine concentrations. 
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ABSTRACT: The research aims to study some rare original coloured painting samples (still present) from the ‘Teatro Marit-
timo’ at Villa Adriana (Tivoli territory, Rome). The Villa was designed by the Emperor Hadrian in the years between 118 
A.D. and 135 A.D. and belongs to the Cultural Heritage of UNESCO since 1999. The structure of the theatre is 
characterized by a circular body with an axial entrance that leads into the circular portico supported by Ionic columns 
topped by a barrel vault. A circular channel delimits an artificial central island in which there are a domus, a secondary 
residence in the Imperial Villa. The main objective of the research is the study of the original coloured-painting finds, 
applied on the mortar substrate substantially lime-based that coat the internal walls of the circular perimeter of the ‘Teatro 
Marittimo’ using the LIBS and Micro-Raman techniques. LIBS is an already tested laser spectroscopy technique that lends 
itself well to be used for measurements in a sensitive sector such as the Cultural Heritage. In fact, it is a fast technique (only 
a few seconds are required for the acquisition of a spectrum) and, especially, minimally destructive (the crater produced by 
the laser beam is generally of the order of a few microns). The Micro-Raman technique,widely used in the application relat-
ed to the Cultural Heritage, is known to be non-destructive and very used in molecular recognition of pigments and 
binders.The analysis allowed a detailed mapping of the chemical composition and identification of pigment, eventually the 
binders, of the coloured surfaces and to hypothesize the raw materials used in the mixtures. Moreover, through physical, 
petrographic (OM), XRD, SEM and thermo-gravimetric (TG-DSC) analysis, it was possible to identify: i) the composition of 
the mortar binder; ii) the physical features of the mortar aggregate (i.e. porosity, density, particle size); iii) the 
microstratigraphy of samples from the adhesion-surface of the mortar substrate to the bricks of the wall, to the overlapping 
colour levels of the original painting. 
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Black tea is one of the most popular non-alcoholic beverages in the world. Besides the essential components, toxic elements 
can also be detected not only in the tea infusion, but in the dried leaves as well. Lead is one of the most commonly occurring 
contaminant in the environment, while the source of cadmium is the phosphate fertilizer treated soil [1]. Acording to WHO, 
the allowable limit of Pb is 5 mg/kg for food and beverages in Europe, while the provisional tolerable monthly intake for Cd 
is 25 µg/kg body weight. Determination of Cd in tea leaves and beverages is limited by its presence at trace amounts, which 
is generally below the detection limits of several solution based instrumental analytical techniques [2]. Direct analyses of 
solid samples without any sample preparation has several advantages over solution introduction based methods, because it 
is less time-consuming, since only a minimum of sample preparation is required, more sensitive, since the trace-element con-
tent of the sample is not diluted during sample preparation and the risk of their loss and contamination of the sample is re-
duced to a minimum. Direct solid sampling determination of Cd and Pb in black tea leaf was developed by using high-
resolution continuum source graphite furnace atomic absorption spectrometry (HR-CS-GFAAS). The vaporiza-
tion/atomization processes were investigated in a transversally heated graphite atomizer by evaporating solid samples of 
black tea. The best results were obtained by using the Pb I 283.306 nm secondary (relative sensitivity: 42%) and Cd I 
228.8018 nm primary analytical lines. The optimal pyrolysis and atomization temperatures were 800 and 1700 
o
C for Pb 
while 600 and 2000 
o
C for Cd. For obtaining the optimal atomization transient for Pb, a mixture of 15µl HNO3 (6.5% v/v) 
and 15 µl NH4H2PO4 (1% m/m) modifier was added to each sample just before the analysis. Calibration was performed with 
the method of standard addition. Correlation coefficients (R values) of the calibrations were 0.9968 for Pb and 0.9735 for 
Cd. The calibration was linear up to 6 mg/kg for Pb and 0.03 mg/kg for Cd. The Pb and Cd content of tea leaves was 3.67 ± 
0.17mg/kg and 0.026 ± 0.002mg/kg, respectively. [1] Cupit, M., Larsson, O., de Meeus, C., Eduljee, G. H., & Hutton, M.: 
Assessment and management of risks arising from exposure to cadmium in fertilizers-II. The Science of the Total Environ-
ment, 291 (2002) 189−206. [2] Tanmoy Karak, R.M. Bhagat: Trace elements in tea leaves, made tea and tea infusion: A 
review, Food Research International 43 (2010) 2234–2252. 
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ABSTRACT: The ChemCam LIBS instrument on board the MSL-Curiosity rover has acquired more than 400000 spectra of 
the surface of Mars during its five years of operation.  ChemCam is able to detect the major elements present in rocks as well 
as some key minor and trace elements. An extended team effort resulted in a new multivariate calibration of the major 
elements thanks to an extended database which has also been used for new calibration curves for some of the minor elements 
identified by ChemCam. Among the trace elements, boron was recently detected, the presence of which can place constraints 
on the thermodynamics of fluids that circulated near the surface of Mars. Groundwater was omnipresent on Mars and is 
responsible for the formation of veins and concretions of various types. Among them, many observations of light-toned veins 
dominated by calcium-sulphates indicate the presence of fluorine detected through its CaF LIBS molecular emission, 
chlorine associated with sodium, phosphorus associated in recent observations with magnesium, and high levels of 
manganese associated with high contents of iron. Recent observations in mud cracks has also revealed some interesting 
chemical properties with particularly high potassium, perhaps associated with Sulphur. Along the way, ChemCam also 
analyzed some iron-meteorites in which we detected nickel and phosphorus.  
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ABSTRACT: The NASA Mars Science Laboratory (MSL) Curiosity rover landed in Gale Crater, Mars, in August 2012 to 
investigate past and present habitability of Mars. To help fulfil this mission, the mast-mounted ChemCam instrument was 
included in the science payload. ChemCam is the first Laser-Induced Breakdown Spectroscopy instrument operating on 
another planet and provides the MSL science team the ability to perform measurements of target composition at stand-off 
distances between 2-7 m from the rover. Since landing, the ChemCam instrument has obtained more than 400,000 spectra 
from a wide range of targets, covering e.g. rocks, calcium-sulphate veins, soils and even iron-meteorites. As all ChemCam 
observations are made publically available, this dataset represents perhaps the most comprehensive publically available 
library of LIBS spectra. Here, the ongoing effort by the ChemCam instrument team to improve the major element 
quantitative calibration of the LIBS measurements will be presented, including details on the major-element quantitative 
calibration currently utilized by the ChemCam instrument. This calibration utilizes two separate multivariate data analysis 
methods, Independent Component Analysis regression and Partial Least Squares regression; and takes advantage of the 
continuous effort to expand the ChemCam calibration dataset acquired using the ChemCam replica instrument located at the 
Los Alamos National Laboratory, USA. 
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ABSTRACT: The spatial heterodyne (SH) detection concept was originally developed and proposed for use in interstellar 
spectroscopy for the detection of weak spectral features by Harlander et al [1]. The SH optical setup is similar to that of the 
Michelson interferometer, with the mirrors replaced by diffraction gratings positioned at fixed, equal distances from the 
beamsplitter and are slightly tilted. The tilt is required to provide back-diffraction for wavelengths within the spectral range 
covered. The gratings need to be precisely aligned so that their grooves are parallel and their tilting angle is the same. The 
resulting interference pattern is recorded by a CMOS or CCD camera and the spectrum is recovered by using Fourier trans-
formation [2]. SH spectrometers have two major advantages over the commonly used dispersive spectrometers. Their higher 
light throughput provides them with a significantly higher sensitivity and their estimated resolving power can be twice as 
high as in grating spectrometers. The construction is also compact, contains no moving parts and can be realized with mod-
erately priced optical components. SH spectrometers have a great potential in analytical spectroscopy. The predicted bene-
fits were already realized in branches of spectroscopy studies working with (quasi) cw light sources, such as astronomical 
emission, IR and Raman spectroscopies. In 2014, Gornushkin et al. reported about the first, and so far the only one, success-
ful implementation of SH-LIBS spectroscopy [3]. The goal of the present work is to construct a compact SH-LIBS spectrome-
ter fit for routine analytical use. This ongoing construction work involves the optimization of the optical setup, the selection 
of appropriate gratings, the development of efficient data evaluation algorithms for the processing of the interferograms, the 
development of practical spectral scanning and wavelength calibration features, etc. The spectral detection also needs to be 
synchronized with the ablative laser pulse with microsecond time resolution, which requires a tight control of the sensitivity 
and triggering capabilities of the camera used. Our contribution will provide preliminary performance data on our SH-LIBS 
system. [1] J. Harlander, R. J. Reynolds, F. L. Roesler, Astrophys. J. 396 (1992) 730. [2] M. Lenzner, J.-C. Diels, Opt. Ex-
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ABSTRACT: The pre-Mesozoic basement of the Pannonian Basin (PB) can be viewed as a mosaic of unrelated crystalline 
blocks. Drillcore investigations show that they are mainly composed of medium- and high-grade polymetamorphic rocks 
with a broad spectrum of minerals. The dominant rock-forming minerals of these metamorphics are different kinds of sili-
cates but other constituents of subordinate quantity (so-called accessory minerals) may serve enormous information about 
the origin, formation conditions, age, etc. of the host rock. One of the most frequent of these is apatite ((Ca5(PO4)3(F, Cl, 
OH)) that often incorporates a significant amount of rare earth elements (REE) and some trace elements in its crystal lattice 
in the structural position of Ca
2+
.  
The object of this study is an amphibolite rock sample of the PB, which contains apatite grains in significant fraction and 
size (up to 400 µm). Both under polarized light and UV excitation (360-370 nm) as well as on SEM-cathode luminescent im-
ages, these apatite grains often show heterogeneous, patchy appearance. Some of the apatite grains contain uniformly ori-
ented trails of tiny fluid inclusions along healed microfractures. The main goal of this research was to study the chemical 
composition of the apatite grains by various spectroscopy methods with high spatial resolution and laser or X-ray excitation 
(e.g. LIBS, LA-ICP-MS, µXRF, Raman microscopy, LIF, etc.) in order to find explanation to their different appearance (i.e. 
patchy or clear). The relation of trace elemental content and optical inhomogeneities of the grains could provide insights 
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ABSTRACT: Silicon is not considered nowadays as an essential element for humans, but it is suspected that this metalloid 
plays a key role in the development of bones, cartilage and other connective tissues. In addition, recent findings provide that 
silicon may have a modulating effect on the immune and inflammatory response, and has been associated with mental health. 
Due to these benefits, silicon is used in cosmetic and pharmaceutical products and to prepare functional foods. Silicon in-
corporation in these products is often performed in emulsions or double emulsions. Oil-in-water multiple emulsions are 
complex liquid dispersions employed to entrap, protect and control the release of different substances such as minerals. The 
development and implementation of analytical methodologies that allow the accurate and precise quantification of silicon is 
of great interest for laboratories devoted to routine analysis. However, silicon determination is considered to be one of the 
most challenging tasks in elemental analysis. This is partially due to the high risk of sample contamination owing to the 
ubiquity of this element and the possible loss of this analyte during the sample pretreatment process owing to the high vola-
tility of some silicon compounds. In this context, the development of analytical methodologies based on direct analysis of the 
sample are considered very interesting approaches to determine silicon compared to traditional methods based on wet diges-
tion of the samples. As additional benefits, these analytical strategies are simple and increase the speed of analysis. High-
resolution continuum source atomic absorption spectrometry with flame atomizer (HR-CS FAAS) improves the possibilities 
for the development of direct methods. HR-CS FAAS allows the detection and correction of spectral interferences from the 
matrix sample as well as carry out an automatically and truly simultaneous background correction for continuous events 
which leads to more stable baselines. Moreover, due to the high resolution (a few picometers per pixel) provided by HR-CS 
FAAS instrument, it is possible to separate the absorption signal of silicon at 251.611 from the one at 251.432 nm that is 
typically a problem using traditional AAS. This work presents the development of a fast and straightforward method based 
on HR-CS FAAS for the determination of silicon in different oil-in-water emulsions. To achieve this purpose, the main ana-
lytical line of silicon at 251.612 nm was select, and the burner height and flame composition were optimized. The feasibility 
to perform the calibration with aqueous standards was evaluated and the principal analytical parameters were calculated. 
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ABSTRACT: Some plants can easily accumulate arsenic from the environment originating of natural and/or anthropogenic 
sources. These compounds can be harmful for the human health. Rice is important in the catering of population; it is the 
most widely consumed staple food for approximately 3.5 billion people. Arsenic is therefore a major concern if present in 
rice or rice based food products. Commission Regulation (EC) No 2015/1006 amending regulation No 1881/2006 sets 
 maximum levels for arsenic in rice and rice based products from 0.1 to 0.3 mg Kg
-1
 that applies from 1 January 2016. The 
aim of this study is to develop a cost-effective, highly sensitive analytical method to determine and control the level of inor-
ganic arsenic in rice in accordance with European Regulation. The HG-FAAS technique is the most practical among the 
atomic spectrometry methods if one element is to be measured. For the application development, rice CRM material was 
used and prepared by microwave digestion with the mixture of concentrated acids. iAs was measured in several digested 
commercially available rice products following the developed method. Acknowledgement: The research was supported by 
the EU and co-financed by the European Regional Development Fund under the project GINOP-2.3.2-15-2016-00008. We 
would like to highly acknowledge Agilent Technologies (Novo-Lab Ltd.) for providing 240FS AA and VGA 77 instrument for 
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ABSTRACT: Despite being mineralogically ‘simple,’ consisting of only two or three minerals, elemental variations in 
carbonate sediment can provide important insights into chemical and biological oceanographic processes. We have ana-
lyzed modern carbonate sediments to explore the use of a handheld LIBS system for assessing geochemistry of, and controls 
on, marine carbonate sedimentary systems. These muds were sampled in shallow (< 11 m) water depths from six locations 
worldwide - Alacran Reef (Mexico); Yucatan Shelf (Mexico); Crooked-Acklins Platform (Bahamas); Caicos Platform (Turks 
and Caicos Islands); Maupiti Atoll (French Polynesia); and Nonouti Atoll (Republic of Kiribati). The SciAps Z500 LIBS 
analyser used for this study demonstrates that handheld LIBS can be an effective tool for the rapid analysis of geological 
materials in the field, without the need for sample preparation, and LIBS analysis can be used in conjunction with multivar-
iate statistical processing for geomaterial discrimination and provenance determination. This handheld LIBS system is well 
suited to geochemical applications, particularly real-time analysis in the field, due to its portability, broad spectral range 
from 180 to 675 nm, argon purging, translational stage for 3-D beam rastering, and built-in camera for targeting and doc-
umentation of analysis. Carbonate muds were pressed into 40 mm pellets without any binding material. For each location in 
an 11-point grid 5 laser pulses were collected and randomly averaged in groups of 5 to produce at least 10 spectra. Princi-
pal Component Analysis was used to condense the full spectrum data into a meaningful representation of several combined 
features and then Partial Least Squares Discriminant Analysis was used for the classification analysis. The LIBS results 
reveal subtle difference in composition among the six depositional carbonate areas, with Sr, Ca, and (to a lesser extent) Mg 
the main compositional components contributing to the distinctions. Overall, classification success for the carbonate mud 
suite was 96%. About 5% of the Yucatan spectra were confused with those from the Nonouti Atoll and just under 10% of 
Caicos Platform spectra were confused with those from the Crooked-Acklins Platform and vice-versa at a level just over 
5%. This result documents differences in the bulk composition of carbonate muds in their depositional environment, attest-
ing to different mineralogy and proportions of biotic and abiotic components, with spectral loadings from the LIBS analysis 
documenting, as might be expected, that the main compositional components contributing to the discrimination in are, Sr, 
Ca, and Mg to a lesser extent. Interestingly, the 288.16 nm line for Si was more prominent in LIBS spectra for the Yucatan 
Shelf mud, identifying a biosilicious component that is mostly absent in the mud from the other locations. At a larger spatial 
scale, the six carbonate mud localities group well by ocean basin (Pacific, Gulf of Mexico, and Atlantic), with 320 out of 
330 (98.9%) spectra correctly classified. The similarities among regions implies that water chemistry, in particular nutri-
ents, salinity and alkalinity, is likely to be influencing the composition of accumulated carbonate at both the local and the 
regional spatial scales. For example, the Yucatan is impacted by upwelling water, favoring biosilicious organisms and more 
calcite-dominant fauna. By contrast, Caicos and the Bahamas are regions of elevated alkalinity and vigorous tides, factors 
which favor the production of non-skeletal (and aragonitic) sediment. 
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ABSTRACT: The detection and characterization of particles in the air and water are major challenges in the field of envi-
ronmental survey. Recently, particular efforts have been dedicated to the development of in situ real-time measurements of 
size and composition of particles in gaseous or liquid suspensions [1,2]. Laser-induced breakdown spectroscopy (LIBS) is a 
promising technique for such type of analyses. However, the variability of particle size and density make the measurement 
calibration difficult [3]. To overcome this problem, we have developed a calibration-free LIBS measurement procedure. 
Based on modeling of the laser-induced plasma, the composition of aerosols is deduced by comparing the measured emission 
spectrum to a spectrum computed for plasma in local thermal equilibrium. To illustrate the feasibility, the breakdown was 
produced in helium at atmospheric pressure. Due to the high initial temperature and the large thermal conductivity, break-
down in helium leads to rapid aerosol vaporization and a more uniform plasma, compared to breakdown in air or argon. We 
demonstrate that the plasma can be described by a partial thermodynamic equilibrium. Thus, the population number densi-
ties of all plasma species follow the Boltzmann equilibrium distribution, except of helium atomic and ionic number densities. 
By recording spectra at different delays with respect to the laser pulse, we show that accurate analyses of the aerosol com-
position are only possible for t ≤ 1µs, when the electron density is large enough to ensure the collisional equilibrium for the 
aerosol species [4]. In agreement with recent LIBS analyses of solid glass and alumina, the present results encourage com-
positional measurements of aerosols via laser-induced breakdown spectroscopy. [1] D. W. Hahn, M. M. Lunden, Detection 
and Analysis of Aerosol Particles by Laser-Induced Breakdown Spectroscopy, Aerosol Sci. Technol. 33, 30 (2000). [2] C. B. 
Faye, T. Amodeo, E. Frejafon, N. Delepine-Gilon, C. Dutouquet, Sampling considerations when analyzing micrometric-sized 
particles in a liquid jet using laser induced breakdown spectroscopy, Spectrochim. Acta Part B 91, 5 (2014). [3] V. 
Hohreiter, D. W. Hahn, Plasma-particle interactions in a laser-induced plasma: implications for laser-induced breakdown 
spectroscopy,  Anal. Chem. 78, 1509 (2006). [4] M. Boudhib, J. Hermann, C. Dutouquet, Compositional analysis of aerosols 
using calibration-free laser-induced breakdown spectroscopy, Anal. Chem., 88, 4029 (2016). 
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ABSTRACT: Fluorine can be determined via molecular absorption of a suitable diatomic metal monofluoride generated in a 
graphite furnace using a high resolution continuum source atomic absorption spectrometer. Calcium monofluoride (CaF) is 
an extensively used diatomic molecule for this purpose due to its suitable wavelength, sufficient bond dissociation energy 
and low enough limit of detection. In this study, at first, the formation mechanisms of CaF in a graphite furnace was exam-
ined. To differentiate the condensed phase and gas-phase combination reactions during CaF formation, Ca and F were both 
mixed as well as separately pipetted in the cavity of a solid sampler platform. It was assumed that when Ca and F were 
mixed, both gas-phase and condensed phase interactions occured whereas in the case that Ca and F were separated, they 
did not contact prior to volatilization and only gas-phase reactions were responsible for the formation of CaF. The main 
mechanism for the formation of CaF was gas-phase combination reaction between Ca and F because CaF was formed irre-
spective of whether Ca and F were mixed or separated. The CaF sensitivities for the both cases were not significantly differ-
ent. Moreover, when a solid tea sample and Ca solution were separately introduced on the platform, a CaF peak with only 
an insignificant sensitivity loss compared to mixed case was observed as well. Even if very small amounts of the solid salts of 
F as NaF and Ca as the nitrate were put on the platform separately, a huge CaF was detected. Finally, when calcium was 
deposited in a graphite tube and then F was introduced using a new calcium-free platform, again CaF signal was detected 
which is another evidence for the gas-phase combination reaction.  
Secondly, the interaction mechanisms of some metals such as gallium, aluminum, barium and strontium on the formation of 
CaF were searched. For this purpose, (i) “Ca+F+interferent” were mixed on the platform (ii) “Ca+F” were mixed on one 
side of the platform whereas the interferent was pipetted on the other side (iii) Ca was pipetted on one side of the platform 
and “interferent+F” were mixed on the other side. In the experiments, 0.05 µg of F and 10 or 20 µg of  Ca and different 
amounts of interferents were used. It was proved that again gas-phase combination interactions between the interferents and 
fluorine played a dominant role in the interferences because sensitivities for CaF were reduced irrespective of whether the 
interferents, calcium and fluorine were mixed or separated in different combinations, namely cases (i) –(iii).  
Finally, the effects of chloride, bromide, phosphate and sulfate on the determination of F via CaF applying the same strategy 
were low compared to metals. This was attributed to the high amount of Ca which was more than enough to react with both 
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ABSTRACT: Atomic and molecular emission of the filament plasma generated by femtosecond laser in air was investigated 
in our previous work [1]. Ti:Sapphire laser radiation (800 nm, 1.1 mJ, 48 fs) was focused by 5 cm focal length lens. Follow-
ing persistence of emission were detected: 400 ps (N2
+
 391.2 nm), 1 ns (N2 337 nm) and 150 ns (N I 746.8 nm, O I 777.4 nm). 
Here we simulate particle dynamics and make comparison of experimental results and computations. Model includes density 








, N, O, electrons. We account for emission; molecule dissociation; electron 
impact ionization and excitation; three-body and dissociative recombination; heavy particles and electron quenching, Joule 
heating by post-pulses and amplified spontaneous emission from regenerative amplifier. Temporal evolution of plasma spe-
cies densities is shown below. This study was supported by the Russian Science Foundation (project no. 14-50-00034). 
                                                        
1. Alexey A. Ilyin, Sergey S. Golik, Konstantin A. Shmirko, Absorption and emission characteristics of femtosecond laser 
plasma filaments in the air // Spectrochimica Acta Part B: Atomic Spectroscopy, 2015, Vol. 112, pp. 16–22 
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ABSTRACT: Although the activation of methane molecule has long been studied for various processes and a huge amount of 
information in this topic can be found in the literature it remains an unsolved problem with a lot of controversies. In the lit-
erature, the general agreement is that the initial step in methane catalytic combustion is the hydrogen removal with the for-
mation of methyl radical. However, the methane molecule is considered to be the most resistant to be oxidized due to its high 
symmetry. The mechanism of the C-H activation includes two possible pathways running either on metal or metal oxide cata-
lysts. The first mechanism distinguishes the heterolytic splitting of C-H resulting in the formation of methyl radical. The se-
cond mechanism assumes the homolytic splitting of C-H bond by oxygen active species. However, the mechanism puts for-
ward both acidic and basic surface active sites to be very important in methane activation. The mechanism becomes more 
complicated, under the rich oxygen conditions for biogas engines and turbines which is considered in the presented study. 
Here, we deal with the theoretical and experimental studies on mechanism of methane catalytic combustion over PdO/Al2O3 
structured catalyst. The aim of this research was to correlate the information obtained from the DFT calculations with the 
experimental in situ DRIFT and UV-Vis experimental results. The series of palladium/alumina structured catalysts were ob-
tained using combined sol-gel method and deposition on FeCralloy structured reactors. The obtained catalysts were exam-
ined by XRF and in situ techniques such as: µRaman, DRIFT and UV-Vis. Ab initio calculations within the density functional 
theory are used implemented intoStoBe software. The exchange and correlation functional is approximated with a scalar 
relativistic spin paired Perdew-Burke-Ernzerhof (PBE) formula. Several clusters, which represent Al2O3 (100), have been 
analyzed and finally the Al30O742H58 cluster has been used in CH4 adsorption studies. Several configurations, electronic 
structure (charges, bond orders) and density of states have been analyzed to determine feasible pathways for the oxidation 
process. The methane oxidation cycles have been considered as a further step at differently oxidized Pd nanoparticles: i) at 
oxygen deficient conditions, ii) at oxygen rich conditions. The comparison of the theoretical and experimental studies al-
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 ABSTRACT: The soil specific surface area (SA) (m
2
/g) is a property of the solids defined as the total surface area per unit 
mass of soil. Due to the effects of SA on soil physical and chemical properties, it is important for processes such as water 
retention and movement, contaminant adsorption, microbial attachment and nutrient dynamics in soils. However, the con-
ventional analyses for SA determination are tedious and for some methods, hazardous chemicals are involved. Laser induced 
breakdown spectroscopy (LIBS) is a rapid technique with potential for analysis of elements present in the soil. Recently, 
LIBS was successfully used to estimate several soil properties, including clay content. We hypothesise that since SA is  linked 
to the clay mineralogy and particle size distribution of soils, the SA can be estimated accurately using LIBS. The aims of this 
study were: i) to test the feasibility of using LIBS for SA determination, ii) to compare the predictive ability of the LIBS mod-
el for predicting SA with that for predicting clay, and iii) to test if additional variables selection improves the predictive abil-
ity of the calibration models. The investigated samples, comprising 115 Danish topsoil samples, were analysed for SA and 





 and clay: 0.03 – 0.46 kg kg
-1
). The LIBS measurements (175–430 nm) were performed using an Nd-YAG laser 
with an UV diode array spectrometer and a silica fibre optic. The data set was divided into calibration (n=86) and valida-
tion sets (n=29) for SSA and clay modelling separately in order to ensure a full coverage of both SSA and clay range in the 
calibration data sets. The LIBS spectra were correlated with the SA and clay content using Partial Least Squares (PLS) re-
gression. Interval Partial Least Squares (iPLS) regression was used as a variable selection method for the two soil proper-
ties individually. Predictive ability of the models was compared using a ratio of performance to inter-quartile range (RPIQ). 
Lower predictive ability of PLS models for SA than for clay was obtained. Further variables selection resulted in improved 
accuracy for both SSA and clay (RPIQ of 2.9 and 3, respectively) in comparison to using the entire LIBS spectrum (RPIQ of 
1.9 and 2.3, respectively). Moreover, the application of iPLS decreased the number of variables from 2045 (the entire LIBS 
spectrum) to 200 and 400 for the determination of SSA and clay, respectively. The results for SSA are promising and need 
further validation on a larger dataset with more variable clay mineralogy.  
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ABSTRACT: The knowledge of equilibrium composition and transport properties of plasmas represents a fundamental 
information for the theoretical support to the LIBS technique. In the ablation of rocks and of meteorites it is of particular 
interest to characterize plasmas containing silicon-based chemical species. Thermodynamics properties and transport 
coefficients have been derived for SiO2 and SiC plasmas using EquilTheTA, a web-based tool, characterized by high 
efficiency and reliability also in extreme simulation conditions. The core databases of physical-chemical properties include 
the accurate description of species level structure and of the dynamics of binary interactions, studied within either multi-
potential or phenomenological approaches. 
 







Calibration strategy for quantitative LIBS measurements in 
extremely variable plasma conditions, and for reduction of the 
matrix effect      
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ABSTRACT: Scope of this work was to study behavior of the line intensities from different species in extremely variable laser 
induced plasmas, and to establish a calibration approach which could improve the analytical precision also in common LIBS 
experiments. To this aim we acquired LIBS spectra from particles of certified powder samples, randomly dispersed over a 
silica wafer covered with a thin film of ultra-pure oil. The LIBS line intensities strongly depend both on the particle weight 
and distribution inside the laser spot, fluctuating between the detection limit and the detector’s saturation level. In presence 
of such extreme plasma intensity variations a widely diffused spectra averaging method, although coupled with line 
normalization for two sample’s elements, produces errors excessively large for any kind of quantitative measurement. 
Differently, consideration of the relative slopes, for example by plotting a Ca I line intensity versus a Mg I line intensity, 
produces well aligned data points. The axis intercept depends on the plasma temperature, here variable, but the slope is 
directly related to the relative element concentrations in the sample.  By considering the slopes of line intensities from two 
elements it was possible to reduce drastically the relative standard deviation and to obtain the calibration curves for 
quantitative LIBS measurements.  Furthermore, we applied theoretical simulations of the line intensities in order to choose 
the line pairs less sensitive to variations of the plasma temperature, and this procedure brought to a reduction of the matrix 
effect because the examined powders tend to fluctuate around very different average plasma temperatures.                
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ABSTRACT: Escherichia coli O157 contamination of water and food is one of the leading causes of outbreaks of human gas-
troenteritis worldwide. Protection of water and food safety against bacterial contamination and rapid diagnosis of infectious 
agents, including E. coli O157:H7, require sensitive, simple and fast assays for detection of bacterial pathogens. We de-
scribe here a rapid and sensitive assay for the E. coli O157:H7 bacteria by using antibody affinity binding, gold nanoparti-
cle (AuNP) labeling, and inductively coupled plasma mass spectrometry (ICPMS) detection. Taking advantage of the signal 
amplification property of AuNPs and the high sensitivity of ICPMS, the assay was able to detect as few as 500 E. coli 
O157:H7 cells in 1 mL of sample (500 CFU/mL). Tests with non-pathogenic E. coli (DH5α, ΑΤCC35218, and ATCC25922) 
showed high specificity of the assay for E. coli O157:H7. Each assay was completed within 40 min. To expand the assay for 
a variety of pathogens, we also developed novel aptamers against specific live bacterial pathogens, for example, live Strep-





Poster Session II - PP35
Determination of mercury in geothermal fluids employed as sources 



















C.N.R. - Consiglio Nazionale delle Ricerche, Istituto di Geoscienze e Georisorse, Via Giuseppe Moruzzi, 1 -
56124 Pisa (I),  
B
C.N.R. - Consiglio Nazionale delle Ricerche,Istituto di Chimica dei Composti Organometallici, 
S.S. di Pisa - Via Giuseppe Moruzzi, 1 - 56124 Pisa (I), 
C
Enel Green Power, Via Andrea Pisano, 120 - 56122 Pisa 
(I). 
*alessandro.lenzi@igg.cnr.it
ABSTRACT: Mercury is one of the most important source of pollution in geothermal vapor sources which are employed in 
power plants. Mercury must be efficiently removed from the vapor during the working cycle of the power plant in order to 
bring its concentration level below the safety threshold and emission limits in waste vapors/gases. It is important to deter-
mine the concentration of mercury in the vapor source, HgVS, the concentration of mercury removed, HgR, and the concentra-
tion of mercury in the  waste gases/vapors, HgW, for a correct monitoring of the mass balance of mercury circulating in the 
power plant: HgVS = HgR + HgW  The accurate determination of mercury concentration of mercury in the vapor source, HgVS,  
represents the key step for the correct evaluation of the mass balance. The sampling and determination of HgVS represents a 
challenging task both for the difficulties in the sampling step (temperature 200-400°C, pressure 20-40 bars) and by the lack 
of consolidated methods which guarantee the accuracy of mercury collection and determination. In this work we compared 
several independent methods with the aim to set-up reliable methods of mercury collection and determination in geothermal 
fluids: (i) Collection in 1L evacuated glass bottle containing 18mL of 0.25M KMnO4 in 1.8M H2SO4 absorbing solution; 
(ii) Collection using a modified Giggenbach method: 250 mL evacuated glass flask containing about 80 mL absorbing solu-
tion. Three different absorbing solutions were employed: 4M NaOH containing 0.1-0.3 M of permanganate, or persulfate or 
hypochlorite. Total mercury determination were carried out using both CV-AAS and a direct mercury analyzer (DMA80, 
Milestone) for sample collected by method (i), and using a direct mercury analyzer (DMA80) for samples collected by meth-
od (ii). A good agreement was found among the Hg concentration determined by the different procedures which allows to 
estimate the concentration of Hg in the geothermal fluids with an uncertainty less than 20%. The use of method (ii) using 
0.3M NaClO in 4M NaOH combined with direct mercury determination was found to be an useful alternative to method (i ) 
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ABSTRACT: Laser-induced breakdown spectroscopy (LIBS) has become a powerful and well-established technique for the 
measurement of atomic data. In particular, there has been a continuous interest in the determination of accurate values for 
atomic transition probabilities. These parameters are of interest for atomic structure studies due to their sensitivity to the 
interaction schemes and, from an applied point of view, because are required to analyse data from astrophysical, fusion and 
laboratory plasmas. The use of LIBS as a spectroscopic source has a great potential for the measurement of these atomic 
data since high temperature plasmas from a variety of samples with several ionization stages are easily obtained. Neverthe-
less, the systematic error caused by the self-absorption of the spectral lines becomes the main difficulty to obtain accurate 
measurements. In previous works our group has investigated the use of curves of growth and CSigma graphs
1
 for the charac-
terization of the plasma and to avoid the systematic errors due to self-absorption. In the present work, this methodology is 
employed to obtain transition probabilities of ionized manganese. Despite its relevance, accurate values of experimental and 
theoretical transition probabilities for this ion are scarce
2
. The high energy of the upper levels together with the self-
absorption of the stronger transitions involve a challenging experimental difficult for plasma sources whilst theoretical cal-
culations are complex because the energy level structure has an open 3d subshell. The plasmas are generated focusing a 
Nd:YAG laser onto the surface of fused glass samples with different concentrations of  manganese. The parameters that 
characterize the plasma are obtained from the fitting of the experimental data for well-known reference lines whereas the 
electron density is obtained by measuring the Stark broadening of the Hα line. Afterwards, the transition probability values 
are obtained by fitting the experimental intensities to the Cσ graph. This method allows us to report transition probabilities 
avoiding self-absorption of several Mn II spectral lines including a wide range of intensities and upper level energies. Refer-
ences: 
1
 C. Aragón and J. A. Aguilera, JQSRT 149 (2014) 90. 
2
 E. A. Den Hartog, J. E. Lawler, J.S.Sobeck, C. Sneden and J. 
J. Cowan, ApJS 194 (2011) 35. 
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ABSTRACT: For the general assessment of mercury air transport and deposition, the use of lichens is one of the plausible 
possibilities to perform rapid monitoring of vast terrestrial ecosystems. Results of many investigations show that the mercury 
level in lichens perfectly reflects average mercury concentration in atmospheric air. However, the pathway of mercury into 
the lichens is still not clearly understood, because there are several ways for mercury intake and accumulation by lichens: 
adsorption of gaseous elemental (GEM, Hg
o
), gaseous oxidized (GOM, Hg 2+), or particulate bound (PBM) mercury.  
Taking into account that 95 - 99% of total atmospheric mercury is Hg
o
, it is reasonable to hypothesize that GEM is the main 
species initially taken up by lichens. Later, Hg
o
 can be accumulated as is or biotransformed into ionic mercury and 
organomercury compounds. We studied mercury thermospeciation in the Parmelia caperata lichens, collected in remote 
areas of South Africa to determine if the lichens contain elemental and bound mercury. The principle of thermospeciation is 
based on the detection of mercury atoms releasing from a sample during its gradual heating. This approach enables one to 
reveal mercury species having different bond energy with matrix. Determination of mercury thermospecies has been 
performed with a RA-915+ Zeeman mercury analyser with PYRO–915 attachment (Lumex Instruments) by direct mercury 
evaporation from dry lichens samples without any chemical pre-treatment. It was found that analytical signal of mercury 
from freshly collected lichens consists of two peaks. One appears in low temperature range of 30-120
o
C, which is formed by 
elemental mercury, and the other one, within 120-360
o
C, can be attributed to a stable compound of Hg
2+
 formed in lichens. 
On the average, the initial part of Hg
o
 in lichens was found to be approximately 10% (13.2 ng g
-1
) of total mercury (136 ng g
-
1
) and can be observed only in the first few days after sample collection, because it steadily fade away in few days. The 
results of the present research open a new approach in studies on mercury species in lichens. 
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ABSTRACT: Water plays a major role in food safety of animal products like meat and milk, as well as edible crops,  espe-
cially where toxic levels of elements are present. Rapid urbanization together increased mining and industrial activities have 
resulted in the water systems of South Africa to become polluted. The pollution may pose a risk to the communities making 
use of the water for agriculture and drinking. Five aquatic systems were investigated to determine the levels of mineral pol-
lution. The concentration of a number of elements was determined by inductively coupled plasma-optical emission spectrom-
etry and mass spectrometry. Levels of the same elements were then determined in products obtained from use of the water. 
These included vegetables, fish and meat. Peat used in the production of mushrooms was also investigated. The concentra-
tions of the elements were in most cases at the level that intervention might become necessary, but currently the risk of using 
the water is minimal. The level of phosphates in a dam near Pretoria (Bon Accord Dam) continues to be high (22.7 mg/L) 
making the dam hypertrophic. Elements that were well above recommended levels in Loskop Dam were boron, iron and 
manganese (11000, 23100 and 447 mg/kg, respectively in sediment). The fish and meat proved to contain no elements above 
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ABSTRACT: Information about the concentration of rare earth elements (REE) in crude oil and its fractions is of great im-
portance for petroleum industry because. Generally, the determination of REE by inductively coupled plasma mass spec-
trometry (ICP-MS) requires digests with low carbon content and low acidity and, as a consequence, high efficiency sample 
preparation methods are required. However, digestion of crude oil is not a simple task. In the present work, an alternative 
method based on the use of electrothermal vaporization (ETV) system coupled to ICP-MS was developed for REE determina-
tion in crude oil. An ETV system (model ETV-4000c, Spectral Systems, Germany) with Freon R-12 was used. It was coupled 
to an ICP-MS equipment (model Elan DRC II, Perkin Elmer-SCIEX, USA). Experimental conditions were evaluated and the 
following conditions were selected: 700 and 2200 °C for pyrolysis and vaporization temperatures, respectively; 6 mg of cit-
ric acid as carrier aid; 0.35 L min
-1
 for both bypass and carrier gas flow-rates; 2 mL min
-1
 of Freon R-12 flow rate; and up 
to 5 mg of sample mass. Under the selected conditions, memory effects were minimized and external calibration was possible 
by using reference solutions showing the simplicity of the proposed method. Accuracy was investigated by comparison of 
REE determination by using an ultrasonic nebulizer (USN) system coupled to ICP-MS equipment after microwave-assisted 
wet digestion with nitric acid. The values obtained by ETV-ICP-MS and by USN-ICP-MS for crude oil, residues of atmos-
pheric distillation (RAT) and residues of vacuum distillation (RV) were in good agreement. Regarding to the limits of detec-
tion (LODs) for REE, they ranged from 0.01 to 1.8 ng g
-1
, being lower than those obtained by USN-ICP-MS and considered 
as suitable for the determination of REE in the evaluated samples. The direct solid sampling ETV-ICP-MS method allowed 
the simultaneous determination of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y in crude oil, RAT and RV 
without previous sample digestion, avoiding the use of concentrated acids and minimizing the generation of laboratory resi-
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ABSTRACT: Endocrine disrupters are organic or inorganic substances that may interfere with the hormonal system and 
pose a risk to humans and wildlife. Some of them such as polychlorinated biphenyls (PCBs) and polybrominated diphe-
nylethers (PBDEs) are on the list of Persistent Organic Pollutants (POPs). They persist in the environment and are easily 
transported over long distances through the atmosphere and ocean currents. They are able to bioaccumulate in fat tissues 
and biomagnify along the food web. Dolphins are long-lived top predators very sensitive to environmental changes and may 
accumulate high concentrations of organic pollutants through bioaccumulation and biomagnification processes. They have 
been considered good bioindicators of aquatic contamination. The aim of the present work was to know the level of contami-
nation by PCBs and PBDEs in dolphins incidentally caught in fishing nets in the Brazilian southeastern coast. These dol-
phins belong to two different species: Tursiops truncatus and Stenella frontalis. About 1.0 g of sample tissue (liver) was used 
for the chemical analysis. The analytical procedure was performed based on an Ultra Turrax extraction followed by clean-
up and chromatographic analysis (GC/MS). ∑PCBs ranged from 3078 ng g
-1
 to 15306 ng g
-1
 (lipid weight) in Tursiops trun-
catus and from 6091 ng g
-1
 to 29138 (lipid weight) in Stenella frontalis. ∑PBDEs varied from 331 ng g
-1
to 865 ng g
-1
 (lipid 
weight) in Tursiops truncatus and from 397 ng g
-1
 to 1686 ng g
-1
 (lipid weight) in Stenella frontalis. PCB 153, 138 and 180 
were the major PCB congeners detected in both species. In addition, BDE 47 was the major congener found in both species. 
The contamination patterns suggest the previous use of Aroclor 1254, 1260 and Penta-BDE in Brazil. PCBs and PBDEs 
were never produced in Brazil. Today PCBs are globally banned in accordance with the Stockholm Convention of 17 May 
2004, but most of the transformer oils still in use in Brazil may contain PCBs imported from German and U.S.A. The concen-
trations of PCBs and PBDEs found in this study are of great concern (mainly in relation to PCBs), suggesting the presence 
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ABSTRACT: The marine aerosol constitutes one of the most important natural aerosols from the Earth and comprises prima-
ry and secondary aerosol components. The primary marine aerosol (PMA) is formed due to the interaction of the wind on the 
ocean surface. The result of this interaction is the mechanical production of the sea spray (inorganic sea salt and organic 
matter). Sea spray, is produced when the bubbles from the generated whitecap burst. This process originates a jet of saline 
drops commonly known as sea spray aerosol (SSA). This aerosol carries particles of submicrometre size and up to a few mi-
crometers. One of the physical characteristics of the sea aerosol is the size of its suspended particles (>1 µm), which de-
pends on the wind speed, sea-air water transfer, etc. Apart from this, the SSA has a key role in chemical reactions such as 
the coupled cycles of sulfate-sea salt and nitric acid-sea salt. The secondary marine aerosol (SMA) production consists on 
cluster particle formation resulting from gas to solid particle conversion. The first step consists in the new particle formation 
via the nucleation of 0.5–1 nm stable clusters. Once these clusters are formed, they can grow to larger sizes via condensa-
tion. The second step consists in the clusters growing via different heterogeneous reactions and aqueous phase oxidation of 
dissolved gases in existing aerosol particles. According to the different sizes that aerosol particles can raise, marine aerosol 
clusters can have 1000-10000 nm volume diameter size. Although the main mass fraction of marine aerosol is inorganic sea 
salt, organic matter is present and can also contribute to the overall mass. The most abundant salt carried on marine aerosol 
is sodium chloride, but other types of chemical compounds like sulfates and nitrates can also be present. Apart from these, 



















ganic matter has also a high importance because it represents around the 10% of marine aerosol. In this work, airborne 
particulate matter was sampled in a marine environment (Getxo, Spain) highly influenced by anthropogenic emissions (in-
dustry, maritime port, etc.). A self-made passive sampler (SMPS) including several aluminum pin stubs was exposed in an 
historical construction (Punta Begoña Galleries) located in this town and placed in front of the sea. The particles deposited 
on the pin stubs were characterized directly by micro-Raman spectroscopy and SEM-EDS, without any sample preparation. 
Thanks to the combination of these techniques, marine cluster salts such as mascagnite ((NH4)2SO4), hexahydrite (MgSO4 · 
6H2O), epsomite (MgSO4 · 7H2O), syngenite (K2Ca(SO4) · H2O), glauberite (CaNa2(SO4)2), anhydrite (CaSO4), nitratine 






etc were identified. 
These cluster salts can be deposited on the surface of building materials following a dry deposition process. The deposited 
particles can react (some are acids) with the Built Heritage material, promoting the formation of deterioration products that 
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ABSTRACT: Arsenic is an element known for his chronic toxicity. Of many arsenic species, inorganic arsenic (iAs) is of 
prime interest. However, beside iAs, food typically contains significant concentrations of organic arsenic species, most 
prominent dimethylarsinate and arsenobetaine, which are less toxic or not toxic at all. Accurate assessment of dietary expo-
sure to inorganic arsenic in the population requires development of analytical methods capable of speciation analysis in 
food matrix. 
Recently, several reports showed elevated arsenic content in beverages, especially wine and fruit juices, and attracted signif-
icant public attention. There is no legislative regulation of arsenic in beverages at present. In most countries including EU 
and the Czech Republic, there is only drinking water limit for total arsenic (10 µg l
-1
). In the Czech Republic, there used to 
be a maximum admissible levels of As in fruits and fruit juices set by Regulation 305/2004 Coll as 0.2 mg kg
-1
, but this regu-
lation has not been valid since 2012. In the USA, in 2013 the Food and Drug Administration published draft guidelines for 
iAs in apple juice of 0.01 mg kg
−1
. For wine, the regulation for total arsenic currently in use is 200 mg l
-1
, set by the Interna-
tional Organization of Vine and Wine.  
A method for analysis of toxicologically important arsenic species in beverages will be presented, based on hydride genera-
tion with cryotrapping (HG-CT) and AAS detection with a quartz multiatomizer. This method, with an automated cryotrap 
has been so far validated for a number of matrices, eg. urine, cell lysates, tissue homogenate or rice extracts. The method 
allows sampling of a slurry; therefore sample preparation involves only 5 times dilution of beer and apple juice (unfiltered) 
or 10 times dilution of wine with addition of L-cysteine for prereduction of As species. Foaming in the HG is suppressed by 
addition of Antifoam B to the reductant solution. 
Slopes of calibration graphs in sample matrix spiked with iAs, monomethylarsonate (MAs) and dimethylarsinate (DMAs) at 
0.5-2 µg l
-1
 As levels agreed with the slopes in aqueous solutions. Limits of detection for the As species were 0.15- 0.3 µg l
-
1 
As in beer and apple juice, and 0.3- 0.6 µg l
−1
As in wine, sufficiently low with regards to target value of 10 µg l
-1
. 
Speciation analysis in 11 samples of red wines, 6 samples of beer and 8 samples of apple juice was performed. Only single 
sample of apple juice contained more than 10 µg l
-1
 iAs. In all samples the MAs a DMAs concentrations were below limit of 
detection. Found arsenic contents were in good agreement with total As content determined by ICP-MS after microwave 
digestion in HNO3. 
ACKNOWLEDGEMENTS: This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic 
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Evaluation of chemical elements content in food of animal origin is a very important element in terms of protection of human 
health. The source of many elements in food may be natural geological process releases metals deposited at lithosphere to 
the water, soil and air. Consequently various amounts of toxic metals are present in meat and meat products. The 
concentration of essential elements in meat products can be diverse and depends on the type of meat, used additives and 
production processes. The aim of this study was to assess the total concentrations of essential (Cu, Cr, Fe, Mn, Mo, Se and 
Zn) and toxic (As, Cd, Pb) elements in traditional smoked sausages and meat products commercially available on the Polish 
market. Determination of selected elements was carried out by quadrupole inductively coupled plasma mass spectrometry 
(Q-ICP-MS) after microwave digestion of samples with nitric and hydrochloric acids and hydrogen peroxide solution.. The 
contribution of smoked meat products in recommended daily allowances of micronutrients (RDA) was estimated. The 
consumption of a portion of 50g smoked meat products can be a valuable source of some micronutrients, especially Cr (23% 
RDA), Cu (12% RDA), Se (14% RDA) and Zn (13% RDA). Obtained results were also compared to the maximum levels of 
toxic metals in food defined in the Commission Regulation No. 1881/2006. Considering low concentrations of toxic elements 
in smoked meat and sausages (As - 0.003; Cd - 0.002; Pb - 0.041 mg/kg of wet weight,) consumption of these products 
should not pose a risk to consumers. Acknowledgements: The research was supported by KNOW (Leading National 
Research Centre) Scientific Consortium "Healthy Animal - Safe Food", decision of Ministry of Science and Higher 
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ABSTRACT: The article describes a method for preconcentration and speciation of Cr(III) and Cr(VI) in river waters. It is 
based on ultrasound-assisted magnetic solid phase extraction employing a nanocomposite prepared from magnetite 
nanoparticles, manganese oxide and alumina oxide, and then functionalized with [3-(2-aminoethylamino) propyl] 
trimethoxysilane (AAPTMS). By taking advantage of the oxidative properties of MnO2, the Fe3O4@MnO2,Al2O3 
nanocomposite was used for the preconcentration of total chromium. The AAPTMS-modified nanocomposite, in turn, is 
selective for Cr(VI). The concentrations of Cr(III) can be calculated as the difference between total chromium and Cr(VI). 
The preconcentrated chromium species were quantified using ICP-OES. The method was optimized using response surface 
methodology (RSM). Under optimal conditions, the limit of detection and quantification are 20 and 50 pg mL
-1
, respectively. 
The intraday and interday precisions of the method, expressed in terms of relative standard deviation, are 2.6 and 4.9 %, 
respectively. In addition, the effects of potentially interfering ions were examined. The method was successfully applied to 
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ABSTRACT: The article describes a method for preconcentration and speciation of Cr(III) and Cr(VI) in river waters. It is 
based on ultrasound-assisted magnetic solid phase extraction employing a nanocomposite prepared from magnetite 
nanoparticles, manganese oxide and alumina oxide, and then functionalized with [3-(2-aminoethylamino) propyl] 
trimethoxysilane (AAPTMS). By taking advantage of the oxidative properties of MnO2, the Fe3O4@MnO2,Al2O3 
nanocomposite was used for the preconcentration of total chromium. The AAPTMS-modified nanocomposite, in turn, is 
selective for Cr(VI). The concentrations of Cr(III) can be calculated as the difference between total chromium and Cr(VI). 
The preconcentrated chromium species were quantified using ICP-OES. The method was optimized using response surface 
methodology (RSM). Under optimal conditions, the limit of detection and quantification are 20 and 50 pg mL
-1
, respectively. 
The intraday and interday precisions of the method, expressed in terms of relative standard deviation, are 2.6 and 4.9 %, 
respectively. In addition, the effects of potentially interfering ions were examined. The method was successfully applied to 
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ABSTRACT: Since that laser-induced plasma emission is extremely dependent on the initial conditions, significant 
fluctuations occur even with constant parameters and a strict control of the experimental setup. Laser-Induced Breakdown 
Spectroscopy (LIBS) signal intensity suffers from the specific influences resulting from the laser ablation and plasma 
processes which affect the accuracy and precision of analytical result. To improve reproducibility and accuracy utilization of 
alternative normalization procedure based on plasma monitoring is possible. In our study for careful correction of the pulse-
to-pulse changes of sampling parameters acoustic and total emission were used. Correlation between total optical emission 
and acoustic signal is demonstrated and effect of the laser pulse energy, focusing and nature of sample is discussed. 
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ABSTRACT: The occurrence of scales in pipes and equipment has been reported since the 30’s and consists in one of the 
most relevant problems in the oil prospecting field. The formation of scales (metal sulphates, calcium carbonates and 
silicates) occurs when incompatible types of water (injected seawater and formation water) are mixed in the reservoir, 
unavoidably undergoing chemical interaction followed by mineral precipitation. Scales limit and sometimes block oil and 
gas production by plugging the oil producing formation matrix or production lines and equipment, consequently impairing 
fluid flow. Due to that, there is a need for determining the way such materials are deposited within the piping system in order 
to optimize the methods used for preventing and removing scales. The purpose of this work is to use µXRF in order to 
identify the elements and determine their distribution in scale samples from obstructed oil pipes. The samples were extracted 
from scales found in steel and composite pipes, coated in resin and then sliced in thin layers of 1.35 mm in thickness, 
maintaining their original position in the interior of the pipe. The samples were analyzed through µXRF with a Bruker M4 
Tornado equipment. The measurements were carried out in vacuum with a step size of 200 µm and a counting live time of 10 
ms/pixel, resulting in a 2D distribution map for each element of the samples. As a result of this process, the elements Al, Si, 
S, Cl, K, Ca, Mn, Fe, Ni, Cu, Zn, Br, Sr, Ba and Pb were found in the samples. In the scale samples extracted from steel 
pipes, the element Cr was also present due to its utilization to inhibit corrosion. The images generated in the experiment 
showed how the above-mentioned elements were spread throughout the layers formed by the deposition of scales within the 
pipes. It was possible to observe that the elements S, Sr and Ba were found in very well-defined layers, pinpointing the 
deposition points for BaSO4 and SrSO4. The distribution of the elements Sr and Ba presented similar behavior due to the 
chemical affinity they share. The element Cr was found in several layers, in an also well-defined manner, denoting the 
occasions in which the corrosion inhibitor was injected. High intensities of the element Fe were found in a homogeneously 
distributed manner across the samples. The presence of the element Ca, whose distribution was similar to the one of sulphur, 
indicates the presence of CaSO4. Well-defined layers of Ca without the presence of S were observed particularly in oil pipes 
made of composite material, indicating thus that CaCO3 is the predominant scaling type for this type of pipe. The results 
have shown that it is possible to identify the elements contained in scaling samples, as well as to determine their distribution 
across the samples. In this way, it would be possible to predict what kind of scaling will likely be formed in different types of 
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ABSTRACT: Beer is probably one of the oldest alcoholic drinks in the world. In fact, Chinese and Egyptians already made 
beer in 4000 years BC. In Europe, beer was the Celts’ famous beverage throughout the ancient times. In order to assure 
standards regarding quality, freshness, appearance and flavor, much regulation exists in Europe since the early XVIth cen-
tury (“Reinheitsgebot” in 1516 in Germany; royal decree of 1495 in France …). Louis Pasteur, one of the most famous 19th 
century scientist, started his career by researching beer process improvement. Nowadays, with wide interest in the diversity 
and variety of beers, more than 6500 breweries exist in Europe. The quality standards for beer analysis are defined by the 
Central European Commission for Brewing Analysis (MEBAK) and the European Brewery Convention (EBC), representing 
technical and scientific interests of the brewing sector in European countries. These regulations include the determination of 
numerous elements (e.g. As, Ca, Cu, Na, K …), anions (such as nitrate and sulfite) as well as organic components (ethanol, 
glycerine) and others (pesticide residues).  In order to maintain the highest level of quality, some chemical investigations 
have to be performed, using different analytical techniques to quantify all the potential contaminants. For simultaneous 
quantitative determination of the inorganic elements in beer, ICP-MS is the most preferable tool for quality control because 
of its high sensitivity (trace detection), wide dynamic range and high sample throughput. All measurements have been done 
on the Shimadzu ICPMS-2030 which is an easy to operate and fast system meeting these requirements. The quantitation re-
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ABSTRACT: In order to concentrate a trace analyte above its limit of detection as well as to eliminate the interferences, a 
separation/enrichment technique is necessarily applied prior to its determination. Solid phase extraction is the most common 
technique to separate and enrich the trace analytes prior to their determination. For this purpose, functional polymers, ion-
exchangers, silica gels, nano particles, biological materials, industrial wastes, bacterias etc. have been used as a sorbent 
applying batch or column techniques. In all those applications, the analytes have been collected on the sorbent and then re-
covered with an appropriate eluate successfully and practically. In this study, a new nanostructure which is graphene nano-
platelets used for the separation and enrichment of cadmium, chromium, nickel, copper and lead prior to its determination 
by atomic absorption spectrometry was described. For this purpose, analyte elements were collected on sorbent. The effects 
of experimental conditions with regards to the amount of sorbent, pH of sample, concentration and kind of eluent, foreign 
ions, and retention-elution parameters on the recovery of the analyte were investigated. Using the proposed technique, the 
cadmium, chromium, nickel, copper and lead concentrations in various water samples (sea water, waste water, tap water) 
could be practically and rapidly removed and enriched in the range of 95% confidence level. The detection limit of the de-
scribed method for cadmium, chromium, nickel, copper and lead using sample-matching blanks were calculated. The pro-
posed technique was fast, simple, and economic. 
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ABSTRACT: The monitoring of metal concentration in soils is of significance in many environmental studies. In this sense, 
fast analytical methodologies which entail simple sample preparation and low-cost analysis are desired. In the present con-
tribution, the possibilities and drawbacks of total reflection X-ray fluorescence spectrometry (TXRF) have been evaluated for 
the simultaneous determination of Pb, Cd and Zn in soils. An easy and rapid sample preparation procedure consisting in 
suspending 20 mg of fine ground soil sample in 1 mL of Triton 1% in water (v/v) showed to be suitable for the determination 
of the aforementioned elements at concentration levels below 10 mg·kg
-1
, which is in most cases suitable according to the 







).Internal standardization and external calibration using laboratory-made soil standards were used as 
quantitative approaches. Good agreement was obtained between TXRF results obtained for soil reference materials analysis 
and certified/indicative values and, in most cases, no significant differences were found at 95% confidence level. Despite the 
fact that the total precision for soil suspension measurements was higher (RSD: 15-20%) than that associated with other 
methodologies involving soil analysis, the benefits of this fast and less time-consuming analytical approach make it desired 
for this type of environmental studies. An additional advantage of the proposed methodology is the possibility to get infor-
mation of other elements present in the soil taking into account the multielemental capability of TXRF spectrometry. As a 
study case, TXRF method was applied to determine Pb, Zn and Cd in several soil samples from an abandoned mining area 
located in the Northeast of Spain. Results obtained were compared with those obtained by microwave acidic digestion and 
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ABSTRACT: Different industrial activities worldwide have strongly contributed to the contamination of extended areas in 
and around mining and industrial sites, especially when lacking of specific Directives for environmental protection. The aim 
of the present contribution was to study the presence, mobility and bioavailability of toxic metals in soil, vegetation and 
streamwater around a ceased industrial factory located in Spain (Sant Llorenç d’Hortons, Barcelona), devoted to the recy-
cling of batteries from car industry with the main purpose to recover pure Pb and Sb. For that, a multianalytical approach 
involving the use of several spectroscopic methodologies was used. Metal and metalloid (As, Cd, Cu, Ni, Mn, Pb, Sb, Se, Sn 
and Zn) concentrations in soil samples, determined by microwave digestion in combination with inductively coupled plasma 
optical emission spectroscopy (ICP-OES), were extremely high in soils from the landfill of hazardous wastes disposed during 
the industrial activity and most element concentrations exceed the thresholds for soil uses according to the Spanish Royal 
Decree 9/2005. The high presence of Pb (485 mg·kg
-1
) in soils collected almost 1 km far away from the focal point of con-
tamination may suggest metal transport by wind as a possible vehicle of contamination. In order to evaluate the mobile frac-
tion of the investigated metals in soils, a sequential extraction procedure was applied to study the soluble fraction (by water 
extraction), the readily available fraction (by KNO3 extraction) and the complexed fraction by using EDTA to simulate the 
effect of organic matter when entraps metals into organic molecules. Absolute percent of metal mobile fraction expressed as 
the total of the three subsequent extractions was substantially low with respect to total metal content (<5%). However, these 
values account for a considerable metal content potentially available to plant and animals thus threatening the whole eco-
system under study. In fact, anomalous metal concentrations in comparison to control specimens were found in different veg-
etal tissues (roots, stems, leaves and flowers) of native plant species (Dittrichia viscosa, Foeniculum vulgare, Helychrisum 
stoechas) sampled in the contaminated area. For instance, Helychrisum stoechas results allowed establishing its strong abil-
ity for phytostabilization as the highest values of As, Cd, Cu, Mn, Ni, Pb, Sb and Sn were found in the root and decreased 
when analyzing the aerial parts of these plants. Results may also indicate that Dittrichia viscosa was able to absorb the 
highest concentration of Pb reaching a mean of 1700 mg·kg
-1
 in stems. This plant may also be considered for phytoremedia-
tion technologies as in most cases it tends to concentrate the metals in the aerial parts. Final, multielemental analysis of wa-
ters sampled in the contaminated area by total reflection X-ray fluorescence spectrometry (TXRF) showed that even this eco-
logical compartment may be affected by the dispersion of toxic metals with Sb and Pb values up to 2.0 mg·L
-1
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ABSTRACT: Q-switched, 150 mJ, 14 ns pulsed Nd:YAG laser radiation at the fundamental wavelength of 1064 nm is used to 
generate micro-plasma in a ultra-high-pure hydrogen and nitrogen gas mixture. The H2 and N2 ratio is 9 to 1 at pressure of 
1.21 ± 0.03 × 10
5
 Pa inside a chamber. Spatially and temporally resolved line-of-sight spectra of Stark-broadened hydrogen 
Balmer alpha, Hα, and beta, Hβ, lines are recorded using a Czerny-Turner type spectrometer and an intensified charge cou-
pled device. The data are Abel inverted to determine the shell structure of electron density and temperature distributions [1]. 
             
Figure 1: (a) Radial electron density and (b) temperature distribution at 300 ns time delay from optical breakdown. 
The measured hydrogen Balmer Hα and Hβ lines are used to determine [2] the spatial variation of electron density, Ne, and 
temperature, Te. The radial temperature distributions are deduced from Boltzmann plots using Hα and Hβ lines [3-5]. The 
temperature in the central region of the plasma is found to be lower than found towards the outer region of the spherical 
ring or shell structure. The kernel expansion speed is close to the speed of sound in hydrogen gas and reveals high peak tem-
peratures. The plasma expansion appears to be isentropic, characterized by T/Ne
2/3
 = constant, in agreement with previous 
hydrogen experiments [6,7]. 
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ABSTRACT: In this work, we will present the calibration of a portable Energy Dispersive X-Ray Fluorescence setup for the 
analysis of trace elements in liquid samples, using filter sample retainers. For this purpose, two different sample retainers 
will be used and the outcome will be compared. The used experimental setup was developing with orthogonal triaxial geome-
try between the X-ray tube beam, the secondary target, the sample and the detector. This geometry reduces the background 
of the measured spectra by reducing significantly the Bremsstrahlung produced in the tube through polarization in the sec-
ondary target and in the sample. Consequently, practically monochromatic excitation energy is obtained. In this way, a bet-
ter peak-background ratio is obtained compared to similar devices leading to superior sensitivity. Different concentrations 
of certified reference materials were used to determine the limits of detection, mainly for transition metals, and to construct a 
calibration curve for further analytical runs. Mine water samples collected at abandoned Tinoca copper mine (Northern 
Alentejo region, Portugal) were analyzed using this analytical setup. Results have been compared with related EDXRF 
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ABSTRACT: Using combination of two laser pulses in different geometrical and experimental arrangements in order to en-
hance laser-induced breakdown spectroscopy (LIBS) signal is well known and described practice. For orthogonal arrange-
ment are used two possible approaches – pre-ablation (first laser pulse create air spark slightly above the sample surface) 
and re-heating (second pulse re-heat the plasma). In this work is researched the effect of combination of both approaches in 
triple pulse experiment. Two Nd:YAG lasers (first laser solely for material ablation and second double pulse laser for pre-
heating and re-heating respectively) are used in orthogonal arrangement. The study is performed on metallic and non-
metallic samples with emphasis on “hard to detect” elements. The experimental parameters such as interpulse delays, laser 
pulse energies and gate delay are optimized. The enhancement effect differs for different samples and elements respectively 
from units to tens relatively to single pulse measurement. 
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ABSTRACT: The system of quality assurance to control fraud, preserve the Protected Denomination of Origin (PDO) and 
special characteristics of honey is regulated by law [1]. The amount and relative proportion of the mineral elements such as 
Mg, Ca, K and Na in honey depends on several factors such as flowering, flowers type, climate, water availability and quali-
ty, soil type and the way in which the honey is elaborated and stored [2,3]. Laser induced breakdown spectroscopy (LIBS) 
has been a subject of research for the past few decades because of its unique features and wide variety of applications in 
various fields. In recent years, LIBS has become a powerful analytical tool because of its ability to carry out a rapid qualita-
tive and quantitative analysis of different samples [4]. LIBS analyzes a sample by direct measurement of the atomic emission 
of the elements from a laser-induced plasma generated by the ablation of the sample, providing an immediate spectral fin-
gerprint that is representative of its elemental composition. Moreover, the technique requires little or no sample preparation. 
Although there is a loss of molecular information in plasma, this technique has provided excellent results for the identifica-
tion of many polymer organic compounds, explosives, and bacteria. The intensities of C, H, N, and O lines and the C/H, C/O, 
and C/N intensity ratios have been used for the classification of organic compounds [5]. In this work, a quick and cost effec-
tive method based on Laser Induced Breakdown Spectroscopy (LIBS) and Neural Networks (NN) has been developed and 
applied to the identification of the quality control and PDO of honey. The samples analyzed belonged to the most important 
Spanish PDOs. Instant identification of the samples was achieved using a spectral library, which was obtained by analysis of 
representative samples using a single laser pulse and treatment by NN. The results obtained allowed the identification of the 
honey tested with a certainty of above 98%. Single-shot measurements were enough for clear identification of the samples.                                
References:  
[1] Regulation (CE) 1151/2012 of the European Parliament and Council, November 21, 2012.  
[2] Zhilin Gan et al. Using sensor and spectral analysis to classify botanical origin and determine adulteration of raw hon-
ey. Journal of Food Engineering Volume 178, June 2016, Pages 151–158 
[3] Mircea Oroian et all. Heavy Metals Profile in Honey as a Potential Indicator of Botanical and Geographical Origin. 
International Journal of Food Properties. Volume 19, Issue 8, 2016  
[4] S. Moncayo et al. Classification of red wine based on its protected designation of origin (PDO) using Laser-induced 
Breakdown Spectroscopy (LIBS). Talanta 158 (2016) 185–191. 
[5] Jorge O. Caceres et al. Application of Laser-Induced Breakdown Spectroscopy (LIBS) 
and Neural Networks to Olive Oils Analysis Applied Spectroscopy Volume 67, Number 9, 2013 pp 1664-1674 
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ABSTRACT: The aim of precision agriculture is the optimization of crop growth by means of site-specific fertilizing recom-
mendations and thus effective and ecofriendly soil management. Due to the expenses associated with traditional methods 
requiring sample collection and laboratory analysis, such technologies are still not in widespread use. Therefore, a field-
deployed, sensor-based analysis system offering rapid, cost-effective and spatially-resolved fertilizer recommendations 
would be highly desirable. In such a system, laser-induced breakdown spectroscopy (LIBS) could be ideally suited to as-
sessing elemental nutrient contents of soils. In addition to low cost, durability and small size, a reliable quantification proce-
dure is a crucial requirement for such a system. However, a plethora of mechanical as well as chemical soil compositions 
may be encountered in nature. Therefore, the matrix dependence is the key challenge to be addressed in the application of 
LIBS for soil evaluation. One possible approach would be the creation of an extensive calibration database accounting for 
every important soil type. A much more elegant alternative could be the calibration free (CF) LIBS method. This method 
relies on the physical characterization of the plasma encountered during the LIBS process. Thus, plasma temperature and 
electron densities are calculated and used to infer the initial concentrations in the sample. The focus of this work was the 
establishment of a LIBS method for soil analysis in a laboratory environment for future field application. 
A commercial echelle spectrometer (LTB Aryelle Butterfly) was used in combination with a Nd:YAG laser (Spectra-Physics 
Quanta-Ray, λ = 355 nm). Dried soil samples were ball milled and pressed into pellets. 
Natural soil samples of various origins and soil types (sand, loess, clay) were used to characterize the matrix dependence of 
the LIBS spectra. Reference samples were prepared by adding defined amounts of the target elements to the soils (standard 
addition). Signals not superimposed by peaks of other elements were identified for each element. The reference samples also 
provided calibration curves for the respective soil type when the initial concentrations in the soils were taken into account. 
The same reference samples were used for testing and optimizing as well as verifying the CF-LIBS method. Both calibration-
based and CF-LIBS methods were subsequently applied to soil samples collected in a narrow-grid soil survey on an agricul-
tural field. 
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ABSTRACT: Aside from atomic and ionic lines, also a broad band emission of radicals and molecules occurs with a 
temporal delay within the microsecond range after irradiating the laser pulse. This provides further spectral information 
about the sample composition which cannot or not as easily be obtained by common LIBS analysis and is therefore of special 
interest for e.g. halogens [1,2]. When comparing a standard LIBS experiment with 4 ns pulses to pulses of 550 fs pulse 
duration, it became apparent that both exhibit molecular band emission. Important factors are plasma temperature and 
shielding which are both weaker for femtosecond excitation [3]. This benefits the observation of band emission especially in 
those cases, where the recombining atoms and ions are partly not inherent in the sample. Figure 1 reveals this for CaCl (left) 
– evolving from a calcium chloride lump – and AlO (right), where a sample of aluminum was used in ambient air. When 
observing CaCl no gain in information can be achieved since calcium and chlorine are both within the sample and do not 
need a collapse of the plasma shielding to recombine. Aluminum, on the other hand, can recombine as soon as it can get in 
contact with the oxygen of the ambient air. We will show a comparison of further different pulse durations from the large 
nanosecond range to several 100 fs, including the picosecond range. 
                                 
Figure 1: LIBS spectra of calcium chloride (left) and aluminum (right) in ambient air measured without gating. Blue spectra 
were generated by irradiating nanosecond pulses (4 ns, 1064 nm, 400 mJ/pulse), red spectra by 2000 femtosecond pulses in 
burst mode (550 fs, 1030 nm, 100 µJ/pulse). Acknowledgments: We gratefully thank Jenoptik Laser GmbH for providing us 
the femtosecond laser JenLas® femto 16 for test measurements. References: [1] C. Haisch, R. Niessner, O.I. Matveev, U. 
Panne, N. Omenetto, "Element-specific determination of chlorine in gases by Laser-Induced-Breakdown-Spectroscopy 
(LIBS)", Fresenius J. Anal. Chem., 356, 21-26 (1996) [2] A.-S. Rother, T. Dietz, P. Kohns, G. Ankerhold, "Molecular laser-
induced breakdown spectroscopy for elemental analysis –A new approach to an advanced material research", Technisches 
Messen tm, vol. 84, no. 1, 23-31 (2017) [3] S. Harilal, J. Yeak, B. Brumfield, M. Phillips, "Consequences of femtosecond 
laser filament generation conditions in stand-off laser induced breakdown spectroscopy", Optics Express, 24(16), 17941-
17949 (2016) (DOI: 10.1364/OE.24.017941) 
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ABSTRACT: LIBS (laser-induced breakdown spectroscopy) is known as a fast and simultaneous multi-element analysis with 
little or no sample preparation. Because of that, over the last few years there has been a growing interest in applications of 
LIBS in the field of agriculture. 
As part of the National Research Strategy BioEconomy 2030 the German Federal Ministry of Education and Research 
(BMBF) started an innovation programme called BonaRes. BonaRes consists of ten interdisciplinary research project asso-
ciations which are dealing with soil as a sustainable resource for the bio-economy. One of these research projects is I4S 
(intelligence for soil) which has the goal to develop an integrated system for site-specific soil fertility management. This sys-
tem includes a sensor platform, which contains different sensors, like XRF, VIS-NIR, Gamma and LIBS. The main task of 
LIBS measurements in this project is the real time determination of the elemental contents of major and minor nutrients in 
soils, like calcium, magnesium, potassium. For this purpose, a special setup has been designed. The sample uptake operates 
with the help of a rotatable sample plate, on which the loose soil sample can be placed in form of a track. The sample plate 
circulates with different velocities to simulate the application on the field. To provide a higher intensity and a better repro-
ducibility of the obtained signal, a double-pulse Nd:YAG laser (λ = 1064 nm) was used. In order to minimize dust formation 
from the soil during the operation of the laser, a dust removal by suction has been integrated [1]. 
When using relative methods such as LIBS, a suitable calibration curve is needed for absolute quantification. Within the I4S 
project a large number of soil samples from different testing grounds with known data of chemical composition, texture etc. 
is available. For the first calibration curves seven soil samples from different grounds in Germany were prepared as refer-
ence materials and four certified reference materials from China and Canada were purchased. With the help of these refer-
ence materials, calibration curves for different elements were initially calculated based on internal standard addition. Cop-
per was used as internal standard because of its low concentration in soils. The complex matrix of soils, as well as the influ-
ence of moisture and grain size in soils makes the absolute quantification by LIBS challenging. To overcome these influ-
ences, a calibration curve based on multivariate analysis was generated. Therefore, baseline correction on the second deriv-
ative with a Savitzky-Golay filter was followed by a partial least squares regression (PLSR). Multivariate analysis leads to 
noise reduction and neglection of interfering signals. Therefore, a better correlation between signal intensity and nutrient 
concentration is observed and a robust calibration curve is obtained. 
[1] Markus Ostermann, et al., Laborpraxis (2016), 22–24.     
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ABSTRACT: Nowadays, because of adverse health effects of heavy metals, its determination in natural water and food sam-
ples is important for analytical chemistry. But, because of their low concentration and coexistence of matrix species, direct 
determination of these species in their samples is difficult. So, some methods were developed for preconcentration and sepa-
ration of analyte before measuring. Separation and preconcentration based on Ultrasound-assisted solidified floating organ-
ic drop microextration (USA-SFODME) is becoming an important and practical A simple, rapid, inexpensive, and nonpollut-
ing USA-SFODME technique has been improved for the preconcentration and determination of nickel and cobalt in food 
samples. For this purpose Congo Red (CR) was used as a complexing agent and 1-dodecanol was used as an extraction sol-
vent. Several factors affecting the microextraction efficiency, such as, pH, CR and concentration, extraction time, and tem-
perature were investigated and optimized. The developed method was applied to the determination of trace nickel and cobalt 
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ABSTRACT: It is well known that the characteristics of thin films produced by pulsed laser deposition (PLD) depends on the 
properties of the ablation plume since it provides the material flux for film growth
[1]
. For this reason, there are several 
works of PLD that study the effect of the deposition conditions on the thin films. However, an important number of papers 
report only the laser fluence employed for deposition without specifying the laser beam spot size and beam energy. In partic-
ular, the laser beam spot size affects the dynamics of the plume expansion
[2]
 and the ablation rate
[3]
, therefore this parameter 
can change the characteristics of the deposited film. To investigate this effect, we deposited ZnO thin films by laser ablation 
and employed time-resolved optical emission spectroscopy to study the expansion of the plasma plume produced with vari-
ous spot sizes. All experiments were performed in the presence of O2 gas, using ns laser pulses at a fixed fluence of 2 J/cm
2
. 
The temporal evolution of the electron density and temperature was determined as a function of the distance along the nor-
mal direction to the target surface. The composition, crystalline structure and optical properties of the films were compared 
with the plasma parameters. Our results demonstrate that the composition of the films, the thickness of the films and their 
transparency strongly depend on the spot size of the laser beam even for a fixed laser fluence. 
 [1] D.B. Chrisey and G.K. Hubbler (1994). Pulsed laser deposition of thin films. United States, John Wiley and Sons. 
[2] S.S. Harilal, Influence of the spot size on propagation dynamics of laser-produced tin plasma, J. Appl. Phys. 102, 
123306, 2007. 
[3] M.E Shaheen, J.E. Gagnon, B.J. Fryer, Excimer laser ablation of aluminum: influence of spot size on ablation rate, La-
ser Phys. 26, 116102, 2016. 
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ABSTRACT: Petroleum products and organic solvents can contain metals and metalloids. They can be present under differ-
ent chemical forms in crude oil or they can be incorporated to the final product during refining process. The presence of 
these compounds in fuel can cause damages in engines that use them, environmental pollution and health problems. On the 
other hand, if they are present in crude oil, they can act as catalyst poison, even at low concentrations. For these reasons, 
since the presence of metals in petroleum was established in 1935
1
, some studies have been focused on the development of 
analytical methods based on ICP (inductively coupled plasma) techniques to carry out the determination of metals and met-
alloids in this kind of samples. However, several difficulties have been observed: (i) the concentration of some metals in fos-
sil fuels and organic solvents is in the order of ng g
-1
; (ii) the organic matrices can cause the plasma degradation; (iii) the 
complexity of the matrices and their differences in terms of physical properties causes significant matrix effects.  
To overcome these problems, several sample introduction systems have been developed as cold spray chambers or desolva-
tion systems
2
, which can mitigate matrix effects. However, they are not able to completely remove the matrix effects between 
different fossil fuels and organic solvents. In these new introduction systems is also included the total sample consumption 
system called hTISIS (high temperature Torch Integrated Sample Introduction System), which has been employed successful-
ly to achieve the removal of matrix effects for different organic solvents and fossil fuels.
3 
Moreover, when this system was 
coupled to ICP-MS, polyatomic interferences disturbed the spectra due to the massive presence of carbon and oxygen within 






























































In the present work, the hTISIS was coupled to an ICP-MS/MS Agilent 8800 to develop an analytical methodology to carry 
out the determination of trace metals strongly interfered in petroleum products and organic solvents. On the one hand, the 
use of the hTISIS at 350ºC overcomes the matrix effects between the different matrices studied and it allows the external cal-
ibration using standards prepared in pure xylene. Additionally, the ICP-MS/MS using O2 or/and H2 as reaction gases over-
comes the isobaric interferences observed in an ICP-MS equipped with a single quadrupole. Non-spiked and spiked real 
fuels were analyzed providing acceptable recoveries. The proposed methodology solves the main problem related to the 
quantification of metals and metalloids in organic samples without causing the degradation of the analytical figures of merit. 
 
1. Porphyrins in coal, A. Treibs, Anal. Chem., 520 (1935) 144-151.  
2. Determination of trace elements in petroleum products by Inductively Coupled Plasma techniques: a critical review, R. 
Sánchez, C.P. Lienemann, J.L. Todolí, Spectrochimica Acta Part B, 88 (2013) 104-26. 
3. Quantification of nickel, vanadium and manganese in petroleum products and biofuels through inductively coupled plas-
ma mass spectrometry equipped with a high temperature single pass spray chamber, R. Sánchez, C. Sánchez, J.L. Todolí, 
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ABSTRACT: Recent studies on the application of a combined totally non destructive EDXRF/Monte Carlo simulations ana-
lytical approach to obtain the quantitative elemental composition of the original alloy substrate in ancient bronze artifacts 
without the need to remove the surface corrosion patinas, while proving the potentiality of the method, have also highlighted 
the need to importance of the compositional heterogeneity of the bronze and patinas as well as the varying thickness of the 
superficial corrosion patinas in the quality of the Monte Carlo simulation runs[1-3]. To test the efficacy of the combined 
EDXRF/Monte Carlo methodological approach, the same protocol has been applied in the current study to bronze alloy 
samples artificially corroded in controlled laboratory conditions with patinas of known composition and thickness. Prelimi-
nary results show a good fit between the real and Monte Carlo simulated spectra, thus confirming the applicability of the 
protocol to archaeological and cultural heritage artifacts . 
[1] N. Schiavon, A. Depalmas, C. Bulla, G.  Piga,  A. Brunetti  (2016) A Energy Dispersive X-Ray Fluorescence Spectrome-
try and Montecarlo Simulation Study of Iron-Age Nuragic Small Bronzes ("Navicelle") from Sardinia, Italy (2016) Spectro-
chimica Acta Part B 123, 42-46  doi:10.1016/j.sab.2016.07.011 
[2] A. Brunetti
, 
 A. DePalmas, F. di Gennaro, A. Serges, N. SCHIAVON (2016) X-Ray Fluorescence Spectroscopy (XRF) 
and Monte Carlo characterization of a unique Nuragic artifact (Sardinia, Italy). Spectrochimica Acta Part B Volume 121, 1 
July 2016, 18–21.  doi:10.1016/j.sab.2016.04.007 
[3] A. Brunetti, J. Fabian,C. Wester La Torre, N.Schiavon (2016) A combined XRF/Monte Carlo Simulation study of multi-
layered Peruvian metal artefacts from the tomb of the priestess of Chornancap. Applied Physics Part A 122, 571. doi: 
10.1007/s00339-016-0096-6 
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ABSTRACT: The direct determination of halogens by conventional atomic absorption spectrometry is not possible, once 
their resonance lines are below 190 nm in the vacuum-UV. An alternative for the atomic resonance lines is the indirect 
determination via diatomic molecules composed by the halogen and a molecule-forming reagent. The gaseous diatomic 
molecules are able to absorb radiation in the ultraviolet and visible wavelength range and like the absorbance of atoms, 
that of diatomic molecules also obeys Lambert-Beer’s law. In the 1980s and 1990s some workers proposed the use of line-
source atomic absorption spectrometers for the determination of halogens, using wavelengths, emitted by a line source that 
accidentally coincided with a molecular absorption band; however this practice was susceptible to interferences since the 
spectral neighborhood was unknown and the available background correction systems failed. Thus, the low-resolution 
monochromator of line-source atomic absorption spectrometers cannot separate correctly the fine structure of the molecu-
lar bands. With the advent of high-resolution continuum source atomic absorption spectrometry, the determination of halo-
gens via diatomic molecular spectra became possible due to the high-resolution monochromator system), providing a bet-
ter split of the wavelengths, a high intensity xenon arc lamp emitting a continuum between 190 nm and 890 nm, and a CCD 
array detector, which permits a threedimensional view of the spectra and the spectral neighborhood. These features made 
the determination of halogens possible with low limits of detection when compared with electrochemical or classic meth-
ods. Several papers have been published describing the determination of fluorine, chlorine and bromine, using a series of 
metals as reagents, which are able to form a diatomic molecule with the halogen at high temperatures provided by the elec-
trothermal vaporization. However, there is a lack of publications about iodine determination by HR-CS GF-MAS; the rea-
son is the low dissociation energy of the diatomic molecules formed with iodine, less than 500 kJ mol
-1
, which turns the 
molecule unstable at high temperatures and, in the presence of other halogens, the competition for the molecule-forming 
reagents results in low sensitivity and interferences. Some diatomic molecules of iodine presented a good thermal stability, 
even with dissociation energy lower than 500 kJ mol
-1
, when submitted to an optimized temperature program, such as BaI, 
which exhibits high sensitivity when pyrolysis temperatures up to 600 
o
C and a vaporization temperature of 2000 
o
C were 
applied in a graphite tube without permanent modifier [1]. Calcium can also be used as molecule-forming agent and, with 
an optimized temperature program of 1500 
o
C pyrolysis and 2500 
o
C vaporization temperature, using an iridium-coated 
tube, produces a highly sensitive band. This work presents a comparison between CaI, BaI, SrI and YI molecules, studying 
their characteristic mass, thermal stability, permanent modifiers, possible interferents, more sensitive wavelengths and 
possibilities of applications.[1] M.D. Huang, H. Becker-Ross, S. Florek, M. Okruss, B. Welz, S. Morés, Spectrochim. Acta 
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ABSTRACT: The ChemCam instrument suite on board the Mars Science Laboratory and its successor, SuperCam, use laser-
induced breakdown spectroscopy (LIBS) at stand-off distances for the elemental analysis of Martian targets [1–3]. The 
detection of halogens like chlorine in Martian targets has been a challenge for ChemCam, as the emission lines are typically 
of low intensity, so that high concentrations are necessary. An indirect detection via molecular emissions of simple molecules 
that form inside the plasma has been proposed as a way to enhance the level of detection (LOD) for halogens [4]. In the case 
of chlorine, the molecular emissions of calcium monochloride (CaCl) have been useful for the identification of chlorine in 
ChemCam spectra [5]. Its strongest bands, located at 593 nm and 618 nm in the spectra, lie within ChemCam’s spectral 
range. The LOD for chlorine can significantly improve when using CaCl bands instead of atomic emission lines [6]. 
However, the dependency on compositional changes of the samples has not yet been investigated extensively. Since the 
formation of a diatomic molecule is a prerequisite for these molecular emissions, the concentrations of both elements inside 
the laser-induced plasma are likely to have a big influence on the intensity of the molecular bands. This study investigates 
these effects under Martian conditions. Samples were created with compositions that resemble Martian targets, and were 
measured in 6.5 mbar of Mars-analog atmosphere. The reactions inside the plasma are modeled in order to investigate the 
changes in CaCl concentration over time. The concentration of Ca is found as a strong limiting factor for the band intensity. 
Since time-resolved LIBS measurements on Mars will be possible for the first time with SuperCam, the optimization of the 
delay time for measurements of CaCl bands on Mars will also be discussed. 
References: [1] Wiens, R. C. et al. (2012) Space Sci. Rev., 170, 167-227. [2] Maurice, S. et al. (2012) Space Sci. Rev., 170, 
95-166. [3] Clegg, S. M. et al. (2015) LPS XDVI, Abstract #2781. [4] Gaft et al. (2014) Spectrochim. Acta B, 98, 39-47.  
[5] Forni, O. (2014) LPS XDV, Abstract #1328. [6] Cousin, A. et al. (2015) EMSLIBS 2015, P-37. 
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ABSTRACT: Ti-rich garnets are minerals related to alkali metasomatism and magmatism of carbonatic affinity, which can 
be found in various undersaturated alkaline igneous rocks. The chemical composition of these minerals depends on the phys-
ico-chemical growth conditions under which they formed. Thin sections of these garnets often exhibit colour zonings corre-
sponding to chemical zonings. The innovative approach of double-pulse micro-laser-induced breakdown spectroscopy (DP-
µLIBS) technique coupled with optical microscopy can be fruitfully applied to the direct quantitative analysis and character-
ization in atmospheric air of the petrographic thin sections [1]. This method shows significant advantages with respect to 
traditional techniques used to analyze geological samples such as electron-probe microanalysis (EPMA) and scanning elec-
tron microscopy-energy dispersive spectrometry (SEM-EDS), including versatility, minimal destructivity, no carbon coating, 
no waste production, low operating costs, rapidity of analysis and sensitivity to light elements. To validate the analytical 
performance of this technique, several petrographic thin sections of Ti-rich andradite garnets originated from the volcanic 
district of Colli Albani, Italy, were investigated. Some of these petrographic thin sections have been previously investigated 
by EPMA [2-4], and the analyses obtained were used to set-up the one point calibration (OPC) LIBS method in order to de-
termine quantitatively the chemical composition of Ti-rich garnets. This method was then applied also to thin sections of 
garnet not previously investigated by conventional techniques. Several analytical spots were aligned along different direc-
tions on the slices. The results obtained show that the samples studied exhibit two different types of chemical zonings. A de-
crease of Ti content from core to rim of slices, which reflects the physico-chemical evolution of the growth environment 
(concentric zoning), and an increase of Ti in the {211} growth sectors, related to growth kinetics [3] (sector zoning). The 
OPC-LIBS data show a good agreement with the previous EPMA data, suggesting that the DP-µLIBS can be considered a 
good tool to obtain quick, fast and reliable chemical analyses of petrographic thin sections. 
 
[1] Senesi GS, Tempesta G, Manzari P, Agrosì G, (2016) Geostandards and Geoanalytical Research 40(4): 533-541. 
[2] Agrosì G, Digennaro MA, Scandale E, (2001) Neues Jarhbuch fur Mineralogie Abh 176: 89-107.  
[3] Agrosì G, Schingaro E, Scordari F, Scandale E, Pedrazzi G, (2002) European Journal of Mineralogy 14: 785-794. 
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ABSTRACT: Recently, sorting of scrap metals by laser induced breakdown spectroscopy (LIBS) has been reported by several 
researchers, which is mainly based on the capability of fast measurement of LIBS. For the successful implement of a LIBS-
based metal sorting system, it is critical to be able to accurately identify different types of scrap metal regardless of its sur-
face conditions. A scrap metal is typically in poor conditions such that the surface is rusted, painted, and/or contaminated by 
dust and lubricant. Also, scrap metals often undergo a shredding process, which leaves a rough and irregular surface. 
Therefore, the LIBS signal of scrap metals can change significantly between pulses and samples even if the bulk material is 
the same. In this work, the influence of surface conditions on the LIBS signal changes is investigated. The variation of LIBS 
signal intensities depending on surface conditions is analyzed using real scrap samples collected from a recycling company 
and compared with those of certified reference material. The signal dependence on surface conditions is characterized for 
the determination of proper emission lines for more accurate sorting and a classification algorithm considering these chang-
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ABSTRACT: Mercury in surface water partially occurs in a form of dissolved atomic vapor, so called DGM (Dissolved Gas-
eous Mercury). DGM represents a considerable proportion of total Hg (THg) up to 25 % of THg. Volatile DGM plays an 
important role in the mercury transfer through the water-air interface. A newly developed automated DGM monitor consists 
of a reaction vessel (Italian patent, worked out at SSSA) based on the opposite flow principle and a mercury analyzer. The 
DGM monitor integrated with an underwater piston sampling system has been mounted on board of a compact V-FIDES 
Autonomous Underwater Vehicle (AUV) equipped with a multi-parametric probe measuring sea water parameters (pH, sa-
linity, oxygen, etc.). Specific feature of the AUV is its very small internal space and, consequently, a very small volume (0.2 – 
1 L) of a water sample to be delivered to the reaction vessel. For the system parameters optimization (water and gas flows, 
sample volume, measurement procedure) as well as to define the memory effects, a real time Zeeman mercury analyzer RA-
915+ (Lumex) was used. The analyzer continuously measures the Hg concentration with averaging time of 1 s and the detec-
tion limit of 1 ng/m
3
. Principle of operation of RA-915+ is as follows. A mercury discharge lamp is placed in a strong mag-
netic field, whereby the Hg emission resonance line at 254 nm is split into the three polarized Zeeman components σ-, π, and 
σ+. Only the σ-components are registered by the photodetector. The σ--component is located in the vicinity of the maximum 
of the absorption mercury line and plays a role of an analytical line, while σ+
 
-component lies outside the resonance absorp-
tion line and is used as a reference line. The σ- and σ+ – components are separated by a polarization modulator. When mer-
cury atoms are absent in the cell, the intensities of both σ-components are equal. When mercury occurs in the cell, the differ-
ence in the intensities between the two σ-components increases as a function of the mercury concentration. The use of the 
differential atomic absorption spectrometry with the direct Zeeman effect enables the detection limit to be significantly re-
duced because of elimination of flicker noise and increase in sensitivity by using a multipath cell. The low detection limit 
allows one to avoid preliminary Hg accumulation on sorbent traps and to obtain real-time data, which is very important at 
the stage of building the analytical system. The DGM extraction efficiency was studied using a water solution of elemental 
mercury. A small amount (0.5 g) of metal mercury was placed in a bottle with 1 L of distilled water. The mercury concentra-
tion in the water increased steadily and stabilized in 5-7 days at a level of 30 - 50 ug/l. The water solution of DGM was used 
for optimization of the reaction vessel parameters and for system calibration. As a result, a compact device was developed 
for the fully automatic measurement of DGM concentrations in deep waters without accumulation of Hg on a sorbent. An 
original technique for calibration and optimization of the parameters of DGM solutions at very low concentrations has been 
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ABSTRACT: A new technique is proposed for the real-time determination of benzene and mercury vapor in the atmospheric 
air and natural gas by absorption spectrometry with the direct Zeeman effect. Resonance mercury emission at a wavelength 
of 254 nm is used as the probing radiation. The wavelength dependences of the differential absorption cross sections of ben-
zene and mercury are determined by magnetic scanning technique using mercury lamps with different isotopic compositions. 
The use of a lamp with the mercury isotope 
204
Hg made it possible to enhance sensitivity four-fold for benzene and mercury 
as compared to a lamp with the natural isotopic mixture. It is experimentally demonstrated that the interference from SO2, 
NO2, and O3 can be neglected for determination of benzene (at the Occupational Exposure Limit (OEL)) and mercury (at 
background level) if the concentrations of these gases do not exceed the corresponding OELs. Basing on the results of our 
study, a portable spectrometer is designed with the detection limit of 0.5 mg/m
3
 for benzene and 2 ng/m
3
 for mercury (ben-
zene concentration being below OEL) at 1-s averaging. To measure the benzene and mercury concentrations separately, two 
gas channels are used wherein filters with different transmission of benzene and mercury are inserted. The applications of 
the designed spectrometer to measuring the benzene and mercury concentrations in the atmospheric air from a moving vehi-
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ABSTRACT: Material distribution or compositional analysis and depth profiling of nanometer thick multi-layered samples 
require the use of sophisticated techniques. Laser Induced Breakdown Spectroscopy (LIBS) has been demonstrated for 
selective detection of materials at different depths from nanometer scale multilayered samples [1]. Due to the simplicity of 
the method LIBS can be applied for rapid characterization of the ultra-thin nanometer layers which is of significant 
importance in particular for industrial applications, such as semiconductors and photovoltaics production monitoring. The 
processes that take place during emission from a very thin layer are very complex and therefore extent research must be 
carried. In the present work the different characteristics of the LIBS emission recorded from namometer scale thick layers of 
the same material deposited on the top of two different types of samples, were studied. We have carried out LIBS 
measurements using a 50 picosecond laser source at two different wavelengths (1030 and 515 nm) with very low pulse 
energy (<10 µJ/pulse) and a Czerny-Turner spectrometer (600  lines/mm) coupled with an ICCD (Andor iStar DH734.) for 
spectral detection of the laser induced plasma. Two types of samples were used: a) Indium Tin Oxide layer (125 nm), SiN 
layer (150 nm) on PET substrate and b) Indium Tin Oxide (60 nm) layer on glass substrate. In the first sample clear indium 
emission (410.176 nm) that represents the ITO layer, were recorded on the first laser pulse at 1030 nm wavelength.  In the 
second sample indium emission was also detected in the first pulse using the 1030 nm wavelength but indium lines were 
absent in the spectra in the case of 515 nm laser pulses. This observation points out the influence of the laser parameters, 
subjacent layers and the substrates in the formation of the LIBS emission. Finally, the LIBS emission from a ~300 nm 
PEDOT-PSS layer on top of a glass substrate was recorded under the same experimental conditions. The presence of clear 
C-N molecular band emission at 388.2 nm using the 1030 nm laser pulse was detected in the second pulse, demonstrating the 
potential of LIBS for selective detection of organic materials in nanometer scale layers, using the C-N molecular emission. 
This project is under the support of the International Associated Laboratory (LIA) MINOS between LP3 and IESL-FORTH. 
[1] S.P. Banerjee, T. Sarnet, P. Siozos, M. Loulakis, D. Anglos, M. Sentis, Appl. Surf. Sci. 2016, in press; doi: 
10.1016/j.apsusc.2016.11.136 
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ABSTRACT: The study has been conducted on two samples of the iron meteorite Dronino in the framework of a campaign 
aiming to validate planetary data on terrestrial and extra-terrestrial materials by portable techniques. The samples were 
studied by a portable double-pulse micro-laser-induced breakdown spectroscopy (DP-µLIBS) system coupled with optical 
microscopy [1]. The two fragments of Dronino have very different features, i.e. one sample is highly alterated, while the oth-
er one does not show any superficial alteration but has sulphide inclusions rounded and elongated along the banding. Ac-
cording to the Meteoritical Bulletin Database (MBD) Dronino meteorite belongs to an ungrouped ataxite meteorites and 
consists of kamacite (7.0 ± 0.5 wt% Ni and 0.75 wt% Co) and rare taenite (26.5 ± 0.5 wt% Ni and 0.35 wt% Co). The altered 
sample has been found in a swamp and suffered of marked weathering effects that modified the mineralogy and chemistry of 
the whole sample. The quantitative chemical composition measured by DP-µLIBS with One Point Calibration method [2] 
showed that the two samples were very different. The scanning electron microscopy (SEM) EDS analyses confirmed the DP-
µLIBS results and showed that the unaltered slab consisted mainly of taenite (26.6 wt% Ni and 0.6 wt% Co), whereas kama-
cite (8.2 wt% Ni and 1.1 wt% Co) was present in only one point. Differently, the altered sample consisted mainly of kamacite 
(6.2 wt% Ni and 1.02 wt% Co), as described in the MBD. The differences found between DP-µLIBS data and SEM results 
were ascribed to the heterogeneity of the sample and to the different sampling areas. In fact, the SEM chemical map showed 
a very fine grade texture of elongated precipitates (duplex structure) in the unaltered sample. In the altered sample DP-
µLIBS indicated the presence of a Li peak on several spots, whereas Li was absent in the unaltered sample. In particular, Li 
is a light trace element not detectable by routinely techniques such as SEM EDS or X-ray fluorescence. The importance to 
evaluate Li both qualitatively and quantitatively has been already highlighted by previous studies made by ChemCam LIBS 
analysis on the Martian surface [3-4]. In fact, this element can provide evidence of alteration processes that might have af-
fected extra-terrestrial rocks, i.e. the presence of Li in the meteorite sample would be related to the weathering processes 
due to aqueous solutions occurred in the swamp. [1] Senesi et al., 2016, Geostandards and Geoanalytical, Volume 40, Issue 
4, Pages 533–541 [2] Cavalcanti G.H., Teixeira D.V., Legnaioli S., Lorenzetti G., Pardini L., Palleschi V., 2013, One point 
calibration for calibration-free laser-induced breakdown spectroscopy quantitative analysis, Spectrochim. Acta Part B, 87, 
2013, 51–56. [3] Maurice et al., 2016, Journal of Analytical Atomic Spectrometry Volume 31 Number 4, Pages 823–1050  
[4] Ollila et al., 2014, JGR-Planets, Volume 119, Issue 1, Pages 255–285 
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ABSTRACT: Flour is a main ingredient of the most commonly and highly consumed foods such as bread, macarroni, pastry, 
cake dessert, pita, pizza etc. Therefore, its toxic element contents is highly important for human health. Flour may be pollut-
ed in every stage of its production during growing from soil, air and water, harvesting, storage, grinding, packing etc. In 
addition, different crops e.g. wheat, rice, corn, maize intake the elements at different amounts during growing even at the 
same environmental conditions. The lead of flour can be determined by atomic absorption spectrometry or other techniques 
after acid digestion. However, digestion is highly time consuming, prone to analyte loss and contamination. In addition, the 
acids and other chemicals used for digestion may cause irreproducible blank values and contribute to environmental pollu-
tion and detrimental effects for human health. Solid sampling is basically based on the direct introduction of sample without 
any treatment. Analytical procedure is very simple. After the experimental conditions and instrumental parameters are opti-
mized, if necessary, the sample is grinded, put on the sampler and measured. It is environmentally-friendly since harmful 
chemicals (acids etc.) are not used. Blank values are low. Dilution errors were eliminated. It is relatively cheaper because 
expensive ultra-pure chemicals and laboratory equipment such as microwave-assisted digestion systems are not needed. The 
contamination and analyte loss during sample preparation do not occur. Therefore, the drawbacks and risks in digestion and 
slurry techniques are eliminated. Solid sampling has been successfully used for the determination of several elements in var-
ious samples. It is the most powerful technique due to advantages over other sampling techniques. In this study, lead was 
determined without digesting flour samples, by high-resolution continuum source graphite furnace atomic absorption spec-
trometry with solid sampling. Since samples were directly analyzed, the risks and disadvantages occurred during sample 
preparation were eliminated. For flour samples, even grinding was not needed as well. Solid samples were only dried, 
weighed on the platforms, Pd was added as a modifier and introduced to a Zr-coated furnace using a manual solid sampler. 
The optimized pyrolysis/atomization temperatures were 900/2200 °C. The sensitivities of various flour CRMs and aqueous 
standards were not significantly different. Therefore, aqueous standards were safely used for calibration. The LODs and 
characteristic masses for lead were 0.007 ng g
-1
 and 15 pg, respectively. The lead concentrations in flour varieties were de-
termined applying the optimized conditions. The repeatability of the results was relatively low (RSD was 15 to 20%) which is 
however the case for solid sampling due to heterogeneity of the analyte in micro-scale. Finally, owing to the small sample 
quantities used for analysis, the micro-scale distribution of analytes in flour samples were determined. 
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ABSTRACT: Sites around the world have been reported to be polluted with different trace metals. Prompt monitoring for 
consequent remediation can be achieved by applying innovative field and analytical techniques. The use of portable x-ray 
fluorescence (PXRF) in the characterization of soils and other media has been performed in the last decade and improve-
ments in portability, price and accuracy have made these devices to be used more broadly for environmental purposes. In 
order to measure trace metal concentrations in soil using PXRF, it is recommended that samples taken should be disaggre-
gated, sieved and ground; and that the nose of the device should be placed on top of a sample covered by a thin-film. Given 
the challenging conditions found in the field, this study was focused on testing the limit of tolerance of these recommenda-
tions in order to determine how much a measurement set-up can differ and preserve usable readings. Decreasing particle 
size of the samples, different distances from the device to the samples, and polypropylene bags of various thicknesses were 
used in alternate set-ups to compare and contrast outcomes. The minimum reliable characteristics were defined for a simple 
measurement methodology. Results show that: (1) commercial polypropylene bags of 50 or 100 µm, will allow for a confi-
dence in the readings of 95 and 90% respectively compared to using thin-films; (2) sieving the sample to a maximum particle 
size of 420, 297, and 252 µm will allow for a confidence in the readings of 80, 85, and 90% respectively compared to grind-
ing the sample after sieving to 149 µm; and (3) a separation of up to 1.89 mm will lead to a 95% confidence in the readings 
compared to the device touching the sample. This study can serve as a guide for field workers in order to keep track of the 
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ABSTRACT: Mushrooms have a high nutritional value, but they also have capacity to accumulate potentially toxic metals. 
Thus, suitable analytical techniques are required for determination of these metals. In this study, the feasibility of Cr and Cd 
determination in mushroom samples using direct solid sample analysis and high-resolution continuum source graphite fur-
nace atomic absorption spectrometry (HR-CS SS-GF AAS) was investigated. Were development two methdos, one for Cd and 
one for Cr. The measurements were performed using a high-resolution continuum source atomic absorption spectrometer 
Model contrAA 700. The equipment is equipped with a transversely heated graphite tube atomizer. The analytical lines used 
were 359.348 nm (Cr) and 228.801 nm (Cd). The samples were weighed directly onto the platform and introduced into the 
graphite tube using a pre-adjusted pair of tweezers for the determination of Cr (0.01 - 0.2 mg) and Cd (0.01 - 0.3 mg). Six 
samples of mushrooms were analyzed after grinding in a vibratory mill and sieving through a polyester mesh of 77 µm. Py-
rolysis temperatures of 1600 °C (Cr) and 800 °C (Cd) and atomization temperatures of 2500 °C (Cr) and 1600 °C (Cd) were 
used. The addition of a chemical modifier 0.05% Pd(NO3)2 + 0.03% Mg(NO3)2 + 0.03% Triton X-100 was required only for 
Cd. The calibration could be carried out using aqueous standards. The precision of the methods was verified by the relative 
standard deviation (n= 5) for the six samples which was lower than 10%. The figures of merit were: LOD of 23 µg kg
-1
 and a 
mo of 2.5 pg for Cr; LOD of 0.80 µg kg
-1 
and a mo of 0.40 pg for Cd. To verify the accuracy of the proposed methods, two 
certified reference materials were analysed: Virginia Tobacco Leaves CTA-VTL-2 (Cr) and Spinach leaves 1570ª (Cd). The 
results found in this work are in agreement with certified values at a 95% confidence level (Student's t-test). The concentra-
tions range found in the mushroom samples were 197-4414 µg kg
-1 
for Cr and 18-586 µg kg
-1
 for Cd. According to the Bra-





if its consumption 10 g per day. In the case of Cd, two samples (Pleurotus spp. and Lentinus spp.) showed con-
centrations lower than stipulated by the ANVISA resolution RDC n° 42/2013 (50 µg kg
-1
).The developed methods are simple, 
fast and suitable for routine analysis. Acknowledgements: CAPES and CNPq 
 
Poster Session II - PP74
Investigation of spectral interferences on the determination of Pb in 
road dust samples using high-resolution continuum source graphite 
furnace atomic absorption spectrometry 
Susane S. Fick
 A
, Flávio V. Nakadi
 A
, Patricia Smichowski 
B
, Fabián Fujiwara 
B




Instituto de Química, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil; 
B
Comisión Nacional de 
Energía Atómica (CNEA) and Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET), Buenos 
Aires, Argentina; 
C
Instituto Nacional de Ciência e Tecnologia do CNPq, INCT de Energia e Ambiente, Universi-
dade Federal da Bahia, Salvador, Brazil. 
*mgrvale@ufrgs.br
The determination of traffic-related elements, especially potentially toxic metals (e.g. lead), in environmental samples such 
as road dust has become of growing concern in recent years mainly due to the toxicity and persistence of these elements in 
the environment. There are several spectral interferences in atomic absorption spectrometry (AAS), generally due to the ab-
sorption of diatomic molecules. This behavior is mainly observed in direct solid sample (SS) analysis using AAS with graph-
ite furnace (GF) atomization, because there is no previous sample preparation to eliminate the matrix. High-resolution con-
tinuum source AAS (HR-CS AAS) provides a detailed view on the surroundings of a specific wavelength, and its resolution 
enables the visualization of the spectra of diatomic molecules, and methods to correct them if necessary. In this study, spec-
tral interferences on the determination of lead in road dust samples were investigated using HR-CS SS-GF AAS. Due to the 
high Pb content in the samples, the wavelength 261.418 nm (2.1% relative sensitivity) was selected, with detection of 1 pixel. 
The samples were collected in Buenos Aires, Argentina, and they were fractionated by particle size, between 37 and 50 µm. 
Pyrolysis and atomization temperature curves were established with a road dust sample using 10 µg Pd + 6 µg Mg as chemi-
cal modifier in solution, and the optimized temperatures were, 900 °C and 2300 °C, respectively. Calibration was with aque-
ous Pb standard solutions. Different diatomic molecular spectra were observed during sample and reference materials anal-
ysis. The AlCl molecule was identified through the software database, and confirmed evaluating the spectrum of an aqueous 
Al standard solution with HCl. Furthermore, there was a second molecule, which was identified through the literature and 
tests as SiO, subsequently generated running the GF temperature program with silica. The software offers a least-squares 
algorithm that corrects background overlap, which could nullify the influence of SiO. The AlCl spectrum was quite different 
from sample to sample; the lines of the molecular band had a different width and were broader or narrower, leading to a 
trickier correction. Nevertheless, the use of this correction technique allowed the elimination of the spectral interference, 
making possible the determination of Pb in the road dust samples. The figures of merit were: characteristic mass of 1.3 ng, 
and limit of detection and quantification of 0.85 and 2.8 mg kg
−1
, respectively, based on a sample mass of 0.8 mg. Relative 
standard deviation values were below 10% (n=5), which is acceptable for direct SS analysis. The accuracy of the method 
was verified using two certified reference materials, Road Dust (BCR 723) and Soil (NIST SRM 2586); the results were in 
agreement with the certified values at a 95% confidence level. More investigations on eliminating properly the AlCl mole-
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ABSTRACT: In marine systems, thorium (Th) has proven to be a very useful tracer of a wide range of oceanographic pro-
cesses and is one of the most important tracers to understand particle dynamics in the ocean. Although a number of Th iso-
topes exist in seawater, Th consists almost entirely of primordial 
232
Th (t½ = 1.4×1010 years), due to its extremely long half-
life relative to the other Th isotopes. Since 
232
Th introduced into seawater is rapidly adsorbed on settling particles and re-
moved to sediment, concentrations of 
232
Th in seawater are so low (sub-ngL-1 levels), that its determination becomes a great 
challenge. Isotope Dilution Inductively Coupled Plasma Mass Spectrometry (ID ICP-MS), applied as a primary method of 
measurements has been developed for the determination of ultra-low concentration of dissolved Th in seawater samples. The 
method is based on matrix separation, analyte preconcentration and determination of 
232
Th in a small volume (20 mL) of 
seawater samples. The application of preliminary sample pre-treatment step, using a commercially available seaFAST-pico 
system allowed achieving high pre-concentration factor and efficient removal of matrix components. Isotopic ratio meas-
urements were done in off-line mode by a sector field inductively coupled plasma mass spectrometry (ICP-SFMS). The esti-
mated method detection limit was 0.005 ng L-1 for 
232
Th.The proposed analytical procedure was fully validated and tracea-
bility of measurement results demonstrated. Method parameters (selectivity, procedural blank, limit of detection, repeatabil-
ity, intermediate precision and trueness) were systematically assessed according to ISO-17025 and Eurachem guidelines. 
The correct assessment of the analytical procedural blank and memory effect were of crucial importance for obtaining relia-
ble results. The analytical procedure was validated in two complementary ways. First, all major sources of uncertainty were 
identified and propagated together following the ISO/GUM guidelines. Second, the developed method was applied to the 
seawater reference samples: IAEA-443, SLEW-3, NASS-4 and NASS-6, CASS-5. Although thorium is not certified in any of 
the seawater reference materials, a good agreement was obtained between obtained in the present study and data published 
elsewhere. The accurate values and low expanded uncertainties 1.3% -4.5% (k = 2) obtained with proposed methodology 
showed that application of seaFAST-pico combined with ICP-SFMS is a powerful tool, which can be used for 
232
Th investi-
gation in seawater.  
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ABSTRACT: Most of the Diesel combustion engine driven vehicles are currently failing to follow the Euro 6 emission stand-
ards in real driving environment, due to the strict emission norms. The currently existing European emission standards are 
the norms for hydrocarbons, carbon monoxide, nitrogen oxides and for particulate matter (PM) from Diesel  exhaust emis-
sions, as the total number of all particles. However, there are no other standards for additional compounds or chemical ele-
ments contained in the exhaust gas, Diesel Particulate Matter (DPM), or in the soot from the Diesel combustion engine.            
In this research we apply Laser Induced Breakdown Spectroscopy technique for measurement of DPM, formed from combus-
tion Diesel engine exhaust emissions, mainly concerning the chemical composition of Diesel particulate matter. The aim of 
this study is to measure the compounds that are present in DPM exhaust emissions generated from real Diesel engine per-
sonal vehicles. The presence of these elements in exhaust emission may point to different processes, mainly to insufficient 
engine combustion process, incomplete catalytic reaction, inefficient Diesel particulate filtering technique, or failure in the 
Diesel engine. Every information revealed by these studies might be very beneficial for scientists, to better understand the 
DPM composition, for combustion physics, as well as for engine development engineers in after treatment development, or 
for the modelling of PM emission generated from Diesel engine vehicles, to meet future emission standards. 
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ABSTRACT: The Antarctic region, which is isolated from anthropogenic sources, is one of the few pristine places to study 
natural sea spray aerosols (SSAs) with minimum anthropogenic influence [1]. There are conflicting opinions on correlations 
between levels of chlorophyll-a as an indicator of biological activity in seawater and organic species in SSAs [2-5]. A recent 
our study [1] showed differences of chemical compositional characteristics between typical summertime and wintertime Ant-
arctic aerosol samples. However, it is not clear whether the different compositional features between two samples are due to 
their different sampling seasons or biological activities. To better understand about the Antarctic SSAs, additional Antarctic 
aerosol samples collected during Dec. 2011 and Sep. 2012 when the oceanic chlorophyll-a levels were in the range of 0.07-
13.38 µg /L were chosen. Antarctic aerosol samples which are representative for each season with having different chloro-
phyll-a levels are investigated on a single particle basis using quantitative energy-dispersive electron probe X-ray microa-
nalysis (ED-EPMA), called low-Z particle EPMA, Raman microspectrometry (RMS), and attenuated total reflectance Fouri-
er transform infrared (ATR-FTIR) imaging techniques. Low-Z particle EPMA is applied to get information on morphology 
and size from SEM images and chemical compositions from X-ray spectra. The two vibrational spectroscopic techniques are 
used to identify organic and inorganic molecular species through Raman and ATR-FTIR spectra. Detailed characteristics of 
Antarctic aerosol samples are under examination and will be presented. [1] Eom et al., Atmos. Chem. Phys., 2016, 16, 
13823-13836. [2] O’Dowd et al., Nature, 2004, 431, 676-680. [3] Prather et al., Proc. Natl. Acad. Sci. USA., 2013, v110, 
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ABSTRACT: Benzoic acid and sorbic acid are extensively used and also can be formed naturally in processed food. In this 
study, rapid determination of naturally formed benzoic acid and sorbic acid in vegetables (lettuce and radish) was per-
formed using HPLC/DAD with confirmation by LC/MS/MS. Bezoic acid and sorbic acid were extracted with ethanol using 
sonication, then centrifuged and evaporated to dryness. The sample was purified by solid-phase extraction (SPE). A C18 
column (4.6 × 150 mm, 5 µm) was used for HPLC/DAD. The method was validated with respect to limit of detection (LOD), 
limit of quantification (LO), linearity, recovery, and precision. LOD and LOQ were 0.3 mg/kg and 1.0 mg/kg for two ana-
lytes, respectively. The calibration curves showed a good linearity with correlation coefficients over 0.999 for two anlaytes. 
Recoveries were obtained by spiking standard solution at three different concentrations ranged from 86.0 to 104.2% for ben-
zoic acid and 89.2% to 105.1% for sorbic acid in vegetables. This method can be applied to various vegetable samples to 
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ABSTRACT: A novel method combining chemometrics with terahertz time-domain spectroscopy (THz-TDS) was proposed 
for identification of sand samples from different deserts and grain sizes. Terahertz time domain transmittance spectra were 
collected and then Savitzky-Golay (S-G) and orthogonal signal correction (OSC) were used as pretreatment method, and 
finally principal component analysis (PCA), partial least squares discriminant analysis (PLS-DA), and support vector ma-
chine classification (SVMC) were used to establish classification models. The prediction rates ranged between 90-100%. 
Scanning electron microscopy (SEM) was used to investigate the differences in morphology. The sand samples were ana-
lyzed by using energy dispersive spectroscopy (EDS) and the elemental distributions were obtained. Fourier transform infra-
red spectra of the sand samples were also collected. THz-TDS combined with multivariate modeling methods provided relia-
ble and useful information to determine the provenance of sands that originated from the Northern China. This work reveals 
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ABSTRACT: This work compares the materials and the techniques employed by two artists in two paintings with different 
origin, Flemish and Portuguese, but concerning the same theme.  The common theme is the “Apparition of the angel to Santa 
Clara, Santa Inês and Santa Coleta” leads to believe that one of the paintings might have originated the other. The Flemish 
painting is assigned to Quentin Metsys (1466-1530), made circa 1491-1507, being probably a gift from the emperor Maxi-
milian to his cousin queen D. Leonor who offered the painting to Convento de Jesus, in Setúbal, Portugal. The nuns from this 
convent would have commissioned a panting with the same theme to Jorge Afonso (c. 1470-1540), the most important paint-
er of Lisbon workshop (1517-19/1530) being this altarpiece his last and most significant work [1, 2] The aim of this study is 
to compare the materials and the techniques of Flemish and Portuguese workshops to determine their differences and simi-
larities. Was the Portuguese painter Jorge Afonso influenced by the Flemish techniques, or has he followed the Portuguese 
workshops concerning techniques and materials? To perform this study, the materials were analysed by portable X-ray fluo-
rescence spectroscopy, µ-X-ray diffraction, Scanning Electron Microscopy with Energy Dispersive X-ray Spectroscopy, µ-
Confocal Raman and High Performance Liquid Chromatography coupled to Diode-Array and Mass Spectrometry detectors. 
Pigments found in both paintings were similar but ground layers differed in their constitution, as the overlapping of the pig-
ment layers. The differences and similarities between both paintings showed that he followed the Flemish tradition by using 
certain materials such as the Baltic oak of the support and similar pigments but a differentiation in the use of ground layer 
materials and overlapping of pigment layers technique. This study brings a new insight to the tendencies of Flemish and Por-
tuguese paintings, highlighting Flemish influences in the Portuguese painting concerning materials and painting techniques. 
[1] F.A. Baptista Pereira, A pintura num período de transição, in: D. Markl (Ed.) História da arte em Portugal-O Renasci-
mento, Alfa, Lisboa, 1986, pp. 83-155. [2] F.A.B. Pereira, M. Batoréo, A.N. Alves, A. Jesus, M.J. Francisco, Retábulo do 
Convento de Jesus de Setúbal, Câmara Municipal de Setúbal, 2013. 
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ABSTRACT: In this investigation, diffraction enhanced imaging (DEI), a synchrotron radiation technique, was used to 
characterize polymeric biomaterials. We have produced biomaterials using chitosan and gelatin as major components 
varying their concentration. 3D biomaterials samples were confectioned and structural alterations were monitored to 
distinct preparation conditions. The images of the samples were taken at 20 keV using the silicon (3,3,3) reflection in equally 
to the monochromator and analyzer system. High resolution imaging was carried out at the X15A beamline at the National 
Synchrotron Light Source, Brookhaven National Laboratory, Upton, NY. Several images were acquired at various analyzer 
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ABSTRACT: Genetically modified (GM) organisms greatly improve the growing and harvest when considering soybeans. 
However, recent studies involving GM soybeans have been demonstrating that the insertion of an exogenous gene (currently 
that one conferring resistance to glyphosate) into the DNA provokes some changes in biological and chemical characteris-
tics [Arruda et al., 2013; Barbosa et al., 2013]. As it is well known that farmers keep some seeds from the last harvest to be 
cropped to the next one. Due to this fact in addition to some changes in such organisms pointed out in the literature, as 
commented, our hypothesis is that such changes can be propagated to different generations. In this context, we carried out a 
comparative metabolic profile between non-modified or non-transgenic - NT (MSOY 7211RR) and GM (MSOY 8200) seeds 
resistant to glyphosate from different generations of soybean. For this, plants (NT and GM) were grown in a greenhouse 
from January to May of 2014 and 2015 to obtain the second (2G) and third generations (3G) of seeds, respectively. The 
seeds were frozen and macerated in liquid nitrogen. From 0.1 g of seeds the metabolites were extracted into 1 mL of 
MeOH/water (70:30%, v/v). Then, the mixture was ultra-sonicated for 1 min (10 s on-off) in a cup-horn system employing 
50% amplitude and centrifuged for 5 min at 13000 g. The metabolites were analyzed by UHPLC-MS using an Agilent 1290 
Infinity Binary LC system coupled to an Agilent 6550 Accurate-Mass Q-TOF system and with Agilent Jet Stream elec-
trospray ionization. For the chromatographic separations, 3 µL of the extract were injected in the column XB-C18 Kinetex 
(150 x 2.1 mm, 1.7 µm particles). Mobile phases were constituted by 0.1% formic acid in water (A) and 0.1% formic acid in 
acetonitrile (B) at total flow rate of 400 µL min
-1
. Chromatographic elution was 25 min at a linear gradient of 5-95% of mo-
bile phase B. Total ion spectra were collected over a 100−1500 of m/z mass range, in both negative and positive modes. The 
Q-TOF MS optimized parameters were: acquisition rate (1.0 spectra/s), Drying gas temperature (290 °C), Drying gas flow 
rate (14.0 L/min), Sheath gas temperature (250 °C), Sheath gas flow rate (12.0 L/min), Nebulizer gas (45 psi), Skimmer volt-
age (65 V), Octopole RF (750 V), Fragmentor (150 V), Capillary voltage (3.0 kV), and Nozzle Voltage (350 V). Collision 
induced dissociation (CID, 30 eV) MS/MS analysis of individual compound was further conducted to confirm these com-
pounds. Chromatograms were processed by XCMS software and multivariate analyses were performing using the Metabo-
Analyst 3.0 (version software). Applying the principal component analysis (PCA)-derived scores plot was possible to dis-
criminate four well defined clusters corresponding to each treatment: transgenic or non-transgenic cultivars and both from 
second and third generations. Close clustering of the three biological replicates per species that indicates high reproducibil-
ity were also observed. Major differences between GM and NT groups were displayed by PC1 and differences between se-
cond and third generations were displayed by PC2 based on the metabolites groups. PCA-derived loading plots showed ma-
jor metabolites which were responsible for the differentiation of GM and NT clusters as well as the generations belonged to 
different chemical groups, mainly, carbohydrates, lipids, flavonoids, fatty acids and amino acids. Two main blocks of metab-
olites were clearly identified through heatmap: the first block a group of metabolites was detected, which present high abun-
dance to those seeds of GM group. Such abundance decreased for NT group, independent of the generation evaluated. On 
the other hand, the metabolites of the second block showed an increased abundance in NT group. The next step is to do the 
identification of ions that are discriminating the GM or NT from 2nd and 3rd generations samples. Herein, we can conclude 
that major differences can be found at molecular levels not only between GM and NT soybean seeds but also between their 
generations. 
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ABSTRACT: LIFETAN project is aimed at demonstrating the use of innovative natural products and technologies in the leather 
tanning process. The current commercial chemicals employed in the tanning process are very toxic and have a big impact on the 
environment. For this reason EU supports Life+ Program in order to replace products/processes with eco-sustainable and conven-
ient ones to propose “green” industrial cycles. LIFETAN implements the results obtained in five previous Life+ projects and 
demonstrates the use of new natural products at laboratory, semi-industrial and industrial phase. The goals are to propose prod-
ucts with higher biodegradability and performance to produce high quality leather products better or comparable with those ob-
tained employing traditional ones. Spectroscopic techniques are fundamental in the monitoring actions to characterize the leather 
samples. In particular FTIR is a valuable useful technique to investigate at molecular level the interaction of new products with the 
leather proteins. The FTIR analysis of amide I band gives information both in terms of the absorbance ratios at two different wave-
lengths (e.g. the 1654/1690 cm-1 absorbance ratio to evaluate the collagen cross linking) and the analysis of the single components 
found by peak fitting (conformational analysis). The results obtained on several LIFETAN samples processed with the new tanning 
formulations are described. These experimental results are also confirmed by Scanning Electron Microscopy (SEM) observations, 
Energy Dispersive X-Ray Spectroscopy (EDS) microanalysis and Thermogravimetric Analysis (TGA). (The Life 14 ENV/IT/443 
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ABSTRACT: Paleoclimate studies play a crucial role in the understanding of the past and future climate and its 
environmental impacts
1
. The analysis of variations in the concentration of trace elements such as Sr, Na, Mg during 
the growth of carbonate proxies has a high potential as a tool for reconstructing past changes in hydrology, rainfall, 
and temperature. For the spatial resolution in these analyses at the required performance (ppm, µm), current 
elemental technologies such as synchrotron radiation microanalysis (SXRF), nano-secondary ion mass spectrometry 
(nano-SIMS) or laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) are restricted to the use 
of complex and not easily accessible techniques
2-4
. Herein, we present the megapixel LIBS in the study of variations 
in trace elements at micro- and macroscales in coral (Scleractinian Coral - Dendrophyllia ramea) and speleothem 
sample.  A Q-switched Nd:YAG-laser is successfully applied to perform fast multielemental scanning of geological 
samples with high performance in terms of sensitivity. The signals were processed to generate multielemental images 
of the spatial distribution of elements in the sample surface of a big stalactite and a coral sample. The compositional 
changes in Mg and Sr followed the patterns of the speleothem stratigraphy, demonstrating that compositional 
variations are determined by temporal changes in hydrogeochemical conditions during stalagmite growth. The main 
biological structures of the coenosteum and the septa of each corallite are perfectly recognizable and the possibility 
to finely resolve the complex growth mode of coral and its inner structure of the dendroid colony by the elemental 
images was demonstrated. The LIBS images helped in the choice of the sampling strategy which is critical in 
obtaining representative climatic records, avoiding the center of calcifications (COCs) that hinder the climatic 
information. The walls of the central branch show compositional variations along the growth axis (Sr/Ca, Mg/Ca, 
Na/Ca) that probably record several decades of climatic and environmental information. The technique opens vast 
opportunities for generating new additional high-resolution paleoclimate records from samples of a wide range of 
ages and provenances. [1] G.C. Rau, M. O. Cuthbert, M.S. Andersen, A. Baker, H. Rutlidge, M. Markowska, H. 
Roshan, C.E. Marjo, P.W. Graham, R.I. Acworth, Quat. Sci. Rev. 127 (2015) 19-36. [2] W. Chao, B.D. Harteneck, 
J.A. Liddle, E.H. Anderson, D.T. Attwood, Nature 435 (2005) 1210–1213. [3] M.L. Kraft, H.A. Klitzing, Biochim. 
Biophys. Acta. 1841, (2014) 1108–1119. [4] M. Zoriy, M. Dehnhardt, A. Matusch, J.S. Becker, Spectrochim. Acta B. 
63 (2008) 375–382.  
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ABSTRACT: The catalytic combustion has become the most commonly used method for the gas exhaust abatement within 
many technological applications [1]. Nowadays, the new trend to the rational optimisation of the working catalyst prepara-
tion demands the knowledge of the evolution of the reaction intermediates at the catalyst surface. The catalytic reaction in-
volves many sites or areas on the catalyst surface that are able to interact with one another leading to self-organization in 
space and time. Thus, the characterisation of the catalyst behaviour during the reaction is a crucial step in the catalyst opti-
misation. The most adequate way to monitor the changes in the catalysts structure during the reaction is the application on 
the in situ and operando spectroscopic methods [2]. The last decade brought a relevant improvement of the in situ measure-
ments i.e. due to the mimic of the reaction condition in the real systems, and thus expanded the applicability of the vibration 
spectroscopy for monitoring the progress of the reaction. However, when considering the multicomposite systems, the in situ 
quantitative determination of the active sites may become difficult. One of the method that may be used to simplify the analy-
sis of complex spectra is two-dimensional correlation spectroscopy (2D-COS). The 2D-COS has attracted much popularity 
among the researchers within last several decades, especially for the analysis of complex NMR spectres. In this study, the in 
situ homospectral two-dimensional correlation spectroscopy was used to evaluate the intermediates appearing at the cata-
lysts surface during the catalytic combustion of methane over various metal oxide structured catalysts. The series of cobalt, 
cerium and palladium nanocomposite structured catalysts were prepared on γ-Al2O3  via impregnation method. 2D-COS is 
found to be a powerful tool for the improvements the in situ characterisation of surface species presented on a working cata-
lyst. The employment of mathematical transformation of spectra allows to establish the sequence of event and in detail de-
scribe the progress of the reaction over structured catalysts. 
 
[1] A. Cybulski and J. A. Moulijn, Structured catalysts and reactors. Taylor & Francis, 2006. 
[2] M. Badlani and I. E. Wachs, “Methanol : a ‘ smart ’ chemical probe molecule,” Catal. Letters, vol. 75, no. 3, 2001.  
The Project was financed by the National Science Centre Poland based on the decision 2015/19/N/ST8/00181 and partly 
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ABSTRACT: Among the most successful applications of LIBS in the industry is the analysis of metal alloys and steel, mainly 
due to the rich information in the emitted spectra from minor and major constituents of the alloys, and the possibility of 
online, remote, and automated analysis. This open the possibility of applications such as online quality monitoring of steel 
production [1] or automated metal scrap sorting [2]. For these tasks, the raw spectra should be processed and transformed 
into meaningful information, such as composition, quality deviations or detection of valuable, toxic or specific elements, and 
several chemometric or artificial-intelligent based techniques have been proposed [3]. All these approaches should cope 
with the possibility of long-term wavelength decalibration of the spectrometer, especially for low-cost CCD spectrometers 
and in the tough manufacturing environment. 
In this work, we report on the automatic classification of steel alloys samples based on their LIBS spectra generated with a 
Nd:YAG laser @ 1064nm and captured in the 240-518nm spectral range. The samples have been manufactured in a levita-
tion melting induction furnace and contains different known percentage of single elements in iron: C, P, Mo, S, Mn, Cr, Cu, 
Sn, Si, Ni, and Al. The thousands of LIBS spectra collected from each sample have been used to train a deep autoencoder 
neural network [4] to perform the classification, and performance numbers have been obtained. As only the raw spectra with 
no peak identification or modelling have been passed onto the classifier, the classification rate decrease significantly if data 
from experiments in different days with small wavelength decalibration is used to validate the trained network. To ensure the 
long-term operation in a real application, several approaches have been tested, among others: periodic auto-recalibration 
based on the iron emission lines, data augmentation with purposely decalibrated spectra for the network training or Bayesi-
an estimation of the deviations on the calibration function on a fully Bayesian approach. Results show the robustness of the-
se approaches. 
 
[1] NOLL, Reinhard, et al. Laser-induced breakdown spectrometry—applications for production control and quality assur-
ance in the steel industry. Spectrochimica Acta Part B: Atomic Spectroscopy, 2001, vol. 56, no 6, p. 637-649. 
[2] GURELL, Jonas, et al. Laser induced breakdown spectroscopy for fast elemental analysis and sorting of metallic scrap 
pieces using certified reference materials. Spectrochimica Acta Part B: Atomic Spectroscopy, 2012, vol. 74, p. 46-50. 
[3] HAHN, David W.; OMENETTO, Nicoló. Laser-induced breakdown spectroscopy (LIBS), part II: review of instrumental 
and methodological approaches to material analysis and applications to different fields. Applied spectroscopy, 2012, vol. 66, 
no 4, p. 347-419.  
[4] HINTON, Geoffrey E.; SALAKHUTDINOV, Ruslan R. Reducing the dimensionality of data with neural networks. sci-
ence, 2006, vol. 313, no 5786, p. 504-507. 
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ABSTRACT: X-Ray fluorescence handheld analyzers have been available for nearly two decades for metal alloy analysis. 
However, they have lacked the ability to measure the low atomic weight elements.  Recently handheld LIBS analyzers, which 
are very sensitive to light elements, have helped with many of those prior limitations including, for example, the measure-
ment of lithium in aluminum.  There is still a very large need to measure carbon content in low alloy steels with handheld 
instrumentation.  Until now, the quantitative measurement of carbon in steel has been left to large arc-spark OES type in-
strumentation.  In this work we describe the development of a handheld analyzer method for quantitative carbon analysis 
down to 1000ppm levels using the carbon 193 nm emission line.  The method also takes advantage of time gating on the or-
der of 1 microsecond and argon purging from a self-contained argon cartridge within the handheld instrument.  Calibration 
and validation results from certified reference standards and scrap yard samples will be presented. 
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ABSTRACT: This research shows a preliminary study of nanoparticles-enhanced LA-ICP-MS. The aims is to obtain an 
analytical procedure able to improve the analytical performance of the technique in terms of sensitivity and LOD, without 
any changes of the experimental set up. Indeed, laser parameters or kind and flow of gas carrier can be changed to improve 
the amount of the ablated sample; otherwise, the sample can be altered, preserving its chemical properties, in order to 
increase its response to laser. The undoubted strength of this approach, adopted by us, is represented by its simplicity, 
affordability and fast performance. 
Some drops of Au nanoparticles (AuNPs) colloidal dispersion were deposited on the sample’s surface, the solvent was 
evaporated and the sample analyzed by LA-ICP-MS. Different metallic elements (Cu, Zn, Sn, Pb…) in various substrates 
(metals, copper-based alloys, and glass) were analyzed. 
A remarkable increase in the measured signal intensity for all the analyzed sample was observed due to the presence of 
AuNPs. As a consequence of the signal enhancement, the sensitivity was always improved (about 1 order of magnitude with 
respect to the conventional LA-ICP-MS) -though to different extents according to the experimental conditions and the 
examined sample- and the LOD decreased significantly. In analogy of what has already proved with Laser Induced 
Breakdown Spectroscopy [1,2], when a critical number of NPs are deposited on the target surface, the laser pulse 
electromagnetic field induces the collective oscillation of the conduction electrons of the NPs that in turn results in a strong 
enhancement of the field. The latter allows to switch the seed electron production in the ablation process from multiphoton 
ionization to electron field emission. In this frame a more efficient and homogeneous ablation can be obtained.  
The remarkable increase in the measured signal intensity will allow to determine traces and ultratraces in extremely small 
sample of various complex matrices (environmental, forensic, clinical, food analyses, cultural heritage) with no sample 
pretreatment.  
 
[1] De Giacomo, R. Gaudiuso, C. Koral, M. Dell’Aglio, O. De Pascale, Nanoparticles Enhanced Laser Induced Breakdown 
Spectroscopy on metallic samples, Analytical Chemistry, 2013, 85, 10180-10187.  
[2] A. De Giacomo, R. Gaudiuso, C. Koral, M. Dell'Aglio, O. De Pascale, Nanoparticle Enhanced Laser Induced Breakdown 
Spectroscopy: Effect of nanoparticles deposited on sample surface on laser ablation and plasma emission, Spectrochimica 
Acta Part B 98 (2014) 19–27. 
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ABSTRACT: Design parameters of laser ablation chambers for chemical analysis of metallic alloys using LA-LIBS were 
established and optimized through computational fluid dynamics (CFD) simulations. The main variables influencing the 
chamber performance were its shape and volume, the carrier gas type and the location of the sample and the ablated parti-
cles relative to the extraction site. The gas flow in drum- and tube-shaped chambers was evaluated for N2, Ar and He carrier 
gases. Particle-free CFD simulations showed the geometry and carrier gas that guaranteed the shortest residence time. A 
second set of simulations included particles. The ablated particles sizes were described by the Rossin-Rammeler distribution 
and were introduced as a discrete phase ejected from the sample surface represented by a cone-type injection. Lower resi-
dence time and higher particle extraction were obtained in the tube-shaped chamber with He as carrier gas. The fact that a 
simple CFD analysis significantly improved the chamber fluid dynamics suggests that the performance of LA-LIBS can also 
be improved by proper chamber design that minimizes sample dilution as most LA-LIBS setups evidence significant dilution 
because they use conventional drum-type chambers to transport the ablated particles. The methodology and results of this 
research are also applicable to any technique that uses LA as sampling approach such as inductively-coupled plasma mass 
spectrometry (LA-ICP-MS). 
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ABSTRACT: We present the industrial collaboration project "HaloLIBS" for the development of a highly-sensitive LIBS 
method to detect halogens in reinforced concrete. The diffusion of chloride from de-icing salt into the concrete can provoke 
a corrosion of the steel-reinforcement (pitting corrosion). If the chloride contamination exceeds a certain level, this can 
result in a reduced stability and hence to a drastically shortened lifetime of infrastructure buildings like bridges or parking 
decks. Spatially resolved techniques to quantitatively determine the local chloride concentration are required to estimate 
the demand of restoration. The conventional wet-chemical analysis is precise but cost- and time-consuming. Moreover, it 
cannot reveal chloride diffusion profiles alongside the concrete drilling core. The detection of atomic chlorine is a 
challenging task that needs sophisticated LIBS setups and measurements under helium atmosphere [1,2]. With time-
resolved LIBS as an alternative method, we monitor the strong molecular emission of calcium chloride radicals (CaCl) 
formed during the plasma-cooling phase [3]. This can be performed without any sample preparation in ambient air. The 
quantification of the local distribution of halogens is deduced by multivariate statistics of the molecular spectral 
information. The Federal Institute for Materials Research and Testing (BAM) is responsible for the development of 
multiphase reference standards for quantification of halogens. The University of Applied Sciences Koblenz is developing the 
experimental LIBS setup for time- and space-resolved measurements and is simulating the radical formation process in the 
plasma-cooling phase to develop an appropriate quantitative analysis algorithm incorporating environmental parameters. 
SECOPTA analytics GmbH as the industrial partner is responsible for the development of a time-resolving polychromator 
to detect atomic and molecular emission. For the automated data evaluation, different chemometric methods for 
microcontrollers will be developed. Acknowledgments: This project is supported by the German Federal Ministry for 
Economic Affairs and Energy (BMWi), ZIM project grant No KF26821030F4.  
References 
1
 T.A. Labutin, A.M. Popov, S.N. Raikov, S.M. Zaytsev, N.A. Labutina, N.B. Zorov, "Determination of chlorine in concrete 
by laser-induced breakdown spectroscopy in air", J. Appl. Spectr., 80, 315-318 (2013) 
2
 C.D. Gehlen, E. Wiens, R. Noll, G. Wilsch, K. Reichling, "Chlorine detection in cement with laser-induced breakdown 
spectroscopy in the infrared and ultraviolet spectral range", Spectrochim. Acta B, 64, 1135-1140 (2009) 
3
 A.-S. Rother, T. Dietz, P. Kohns, G. Ankerhold, "Molecular laser-induced breakdown spectroscopy for elemental analysis 
–A new approach to an advanced material research", Technisches Messen tm, vol. 84, no. 1, 23-31 (2017) 
(DOI 10.1515/teme-2016-0032) 
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Qualifying a Commercial LIBS Instrument for Method Validation in 
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ABSTRACT: The metal industry has been using Spark-AES (Atomic Emission Spectroscopy) for more than 70 years for con-
trolling the chemical composition of their alloy production. The Spark-AES technology is now considered mature; neverthe-
less it still requires the mechanical preparation of the surface prior analysis. Automation have improved the repeatability of 
the technology as well as lowering human error, however, direct analysis of process stream is very challenging, and proba-
bly impossible. On the other hand, Laser-Induced Breakdown Spectroscopy is an emerging technology for controlling the 
chemical composition of the metallurgical process stream. Several groups have developed solutions that enable the direct 
analysis of metal on the process using LIBS technology with encouraging performances. In addition, several attempts to val-
idate an analytical procedure for analysis of steel and aluminum have been made by the LIBS community without success. 
The uses of experimental instruments without any care of the instrument thermal drift, as well as the use of insufficient reso-
lution are probably the main reasons why these attempts failed. In this communication, a novel commercial LIBS instrument 
that deliver the required performance for a method and procedure validation will be presented. This novel LIBS analyzer has 
the capability to analyse the sample without sample preparation in few seconds. In addition, this instrument has demonstrat-
ed repeatability and reproducibility better than 1% and 3% respectively on the alloying elements in steel and aluminum. This 
new LIBS instrument has demonstrated multiple correlation coefficients (R²) better than 0.9999 for the most common alloy-
ing elements in steel and aluminum. Finally, this new LIBS analyzer has demonstrated to deliver accuracy better than 4% on 
several external validations made on certified reference material. 
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ABSTRACT: Nanostructured transition metal oxides due to their specific magnetic, optical and catalytic properties have 
been under vigorous investigation over the years [1-2]. From a wide range of possible applications of nanoparticles, the 
catalysis seems to be the most beneficiary and exploited field. The nanoparticle synthesis can be performed by using such 
methods as: chemical reduction, sputtering, chemical dealloying, microwave assisted synthesis or deposition methods (CVD, 
PVD). Here, we present the in situ sonochemically assisted synthesis method of catalysts preparation. The versatility of 
sonochemical method of nanoparticle preparation was confirmed in a wide range of applications. The recent literature stud-
ies have proven that sonochemistry can be successfully applied for a catalysts synthesis for various applications [3]. The aim 
of this study was to investigate the sonochemical method for the preparation of the zeolite-based catalysts containing copper, 
iron and cobalt that would be active in methane catalytic combustion. The obtained catalysts were characterised by XRD, 
BET nitrogen adsorption, XRF, SEM/EDX, TEM and µRaman. The nanoparticle formation directly on the zeolite support 
was proposed and investigated. The proposed catalyst synthesis had demonstrated its great properties towards the prepara-
tion of nanocristalline catalysts. The TEM analyses results revealed that the catalysts crystallite sizes were in a range of 60-
130 nm. The activity of prepared catalysts was determined in methane catalytic combustion. The supported cobalt catalysts 
have revealed great activity towards the methane catalytic combustion. 1. N. Zheng and G. D. Stucky, J. Am. Chem. Soc., 
2006, 128, 14278–14280. 2. M. B. Gawande, A. Goswami, F. X. Felpin, T. Asefa, X. Huang, R. Silva, X. Zou, R. Zboril and 
R. S. Varma, Chem. Rev., 2016, 116, 3722–3811 3. S. Allahyari, M. Haghighi, A. Ebadi and S.Hosseinzadeh (2014) Ultrason 
Sonochem 2014, 21, 663–673 The Project was financed by the National Science Centre Poland based on the decision No 
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Effect of steel temperature and corrosion on laser-induced plasma of 
the salt deposit 
S. Eto*, T. Fujii 
Central Research Institute of Electric Power Industry, 2-6-1 Nagasaka, Yokosuka, Kanagawa, 240-0196 Japan  
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ABSTRACT: The effect of laser-induced breakdown spectroscopy (LIBS) measurement of salt, deposited on a stainless-steel 
plate, on the environmental condition was evaluated. The emission intensities of elements in salt did not strongly depend on 
the surface temperature of a steel plate when the plate was heated up to 200 degree Celsius. On the other hand, the emission 
intensity of all elements in salt and air (oxygen) decreased when the steel was eroded uniformly. 
 
Concrete cask is one of the dry storage systems of spent fuel. The stainless-steel canister inside the concrete body is cooled 
down by the natural ventilation system. It is possible to occur the stress corrosion cracking at the surface of the stainless-
steel when sea salt particles enter the ventilation system and the chloride ion concentration on the stainless-steel becomes 
higher than the threshold value for occurring the cracking. Since the measurement of chloride ion concentration is important 
to evaluate the occurrence of the stress corrosion cracking, we proposed the laser-induced breakdown spectroscopy (LIBS) 
system for the measurement of chlorine in salt deposited on the stainless steel [1]. Recently, a robot system have been devel-
oping to inspect the surface of the canister by combining an eddy current method, temperature monitoring and LIBS [2]. It is 
considered that the canister is heated up to 200 degrees Celsius and eroded due to the salt deposition during the long-term 
storage. When LIBS is applied to the measurement of salt deposited on the surface of the canister, the environmental condi-
tion such as the high temperature and the erosion of the canister should be considered. 
The heating system was constructed to heat a steel plate on which sea salt particles were deposited. The effect of high tem-
perate of the stainless-steel plate on the emission intensity was evaluated by using the heating system and LIBS setup. In ad-
dition, steel plates were set in an environmental test chamber with a temperature of 80 degree Celsius and a relative humidi-
ty of 30 % to erode the plate. 
When the surface temperature of the stainless-steel was changed from 22 to 200 degrees Celsius, the emission intensities of 
elements in the sea salt did not strongly depend on the surface temperature of the plates. On the other hand, the emission 
intensities depended on the corrosion condition of the steel plates, and decreased drastically at the position at which the 
steel was eroded deeply. 
 
[1] S. Eto et al, Spectrochim. Acta B, Vol.116 (2016) pp.51-57. 
[2] C. J. Lissenden, et al., In ASME 2016 Pressure Vessels and Piping Conference (2016) PVP2016-63312, 1-10. 
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ABSTRACT: Biochar has gained agricultural importance as a soil conditioner because it is produced from 
recycled materials and shows important properties such as water retention, plants nutrients supplier, microor-
ganisms growth supplier and atmospheric CO2 sequestrant. Further, due to its active sites, biochar can adsorb 
nutrients, boosting its property as soil conditioner. In the frame of quality control, the rapid assessment of nu-
trients in biochar soil conditioners is essential for agricultural purposes. Thus, the objective of this work was to 
develop a simple and fast analytical method based on Laser-Induced Breakdown Spectroscopy (LIBS) to deter-
mine Ca in biochar soil conditioners. To this purpose, biochar samples added with Ca were prepared from 
peanut shells, residues of eucalyptus and banana fibers. The calibration standards were prepared by matrix 
matching using biochar from residues of eucalyptus. The strong matrix effects demanded a strategy to enable 
quantitative determination, which was reached by using internal standardization. The plots of the ratio between 
Ca (analyte) and Na (internal standard) as a function of Ca concentration in standards, showed a linear corre-
lation coefficient of 0.98 and a linear work range of 1.63-10.4 % Ca. The limits of detection and quantification 
of the method developed were respectively 0.82% e 2.26%. The Ca contents determined in prepared soil condi-
tioners were in agreement with those measured by high-resolution continuum-source atomic absorption spec-
trometry (paired t-test at 95% confidence level). The method developed stressed the importance of internal 
standardization and matrix matching for quantitative analysis by LIBS and was successfully applied for Ca 
determination in a complex matrix like biochar soil conditioners produced from different biomasses. 
 
Acknowledgements: FAPESP (Grant #2015/24757-9) 
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Material properties and their impact on laser-induced plasmas for 
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ABSTRACT: Concrete as a porous and multiphase material is made of coarse aggregates (grain size between 0.125 mm and 
32 mm), flour grains (aggregates with a grain size below 0.125 mm), cement (grain size < 50 µm) and water. The use of dif-
ferent grain sizes by making concrete is important to ensure the needed density and compressive strength. As a result of mak-
ing concrete the porous cement matrix contains a mixture of flour grains and cement particles (micro-heterogeneity) and 
because of the capillary pore space, ion transport can take place. If harmful species like alkali or chlorides penetrate 
through the pore space, they may trigger different damage processes. The remaining lifetime of concrete structures in esti-
mated due to the quantification of element concentrations regarding to the cement matrix only. In the evaluation of concrete 
using LIBS a two-dimensional evaluation is necessary to consider the heterogeneity [1-2]. A correlation between physical 
properties like sample grain sizes and their effect on the quantification will be presented [3-5]. Strategies to consider the 
micro-heterogeneity and their impact on the quantification will be presented. To analyze the effect of changing grain sizes 
and ratios, plasma parameters like electron temperature and electron density have been determined and compared. Addi-
tionally, for each sample the ablation rate and efficiency were calculated. Therefore, samples with defined grain sizes were 
made and analyzed using LIBS. The grain size distributions were analyzed with x-ray diffraction (XRD). The used LIBS sys-
tem operates with a low energy NdCr:YAG laser (pulse energy of 3 mJ, a wavelength of 1064 nm, a pulse width of 1.5 ns, a 
repetition rate of 100 Hz) and two different Czerny-Turner spectrometers (UV and NIR range). In combination with a trans-
lation stage, a two-dimensional evaluation of the concrete heterogeneity is possible. For the objective and automated evalua-
tion, multivariate cluster algorithms are used 
 
[1] Weritz, F.; Schaurich, D.; Taffe, A. & Wilsch, G. Effect of heterogeneity on the quantitative determination of trace ele-
ments in concrete Analytical and Bioanalytical Chemistry, Springer-Verlag, 2006, 385, 248-255 
[2] Wilsch, G.; Weritz, F.; Schaurich, D. & Wiggenhauser, H. Determination of chloride content in concrete structures with 
laser-induced breakdown spectroscopy Construction and Building Materials, 2005, 19, 724 – 730 
[3] Carranza, J. E. & Hahn, D. W. Assessment of the Upper Particle Size Limit for Quantitative Analysis of Aerosols Using 
Laser-Induced Breakdown Spectroscopy Analytical Chemistry, 2002, 74, 5450-5454 
[4] Labutin, T. A.; Popov, A. M.; Lednev, V. N. & Zorov, N. B. Correlation between properties of a solid sample and laser-
induced plasma parameters Spectrochimica Acta Part B: Atomic Spectroscopy, 2009, 64, 938 – 949 
[5] Aragon, C. & Aguilera, J. Characterization of laser induced plasmas by optical emission spectroscopy: A review of ex-
periments and methods Spectrochimica Acta Part B: Atomic Spectroscopy, 2008, 63, 893 - 916  
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ABSTRACT: Manganese is a trace element essential for the proper functioning of all living organisms. In plants, manganese 
playing important role during  the process of photosynthesis, by acting as a catalytic center of photosystem II [1]. Moreover, 
manganese is a cofactor for many enzymes (such as superoxide dismutase, isocitrate dehydrogenase or the pyruvate  
carboxylase) [2]. Plants absorb manganese(II), and its transport is enabled due to the formation of complexes with carriers 
such as proteins (AtIRT1, Nramp, PHO84, AtYSL) and amino acids (nikotiamine, glutathione, serine, glycine) [3]. The ex-
cess of manganese is accumulated mainly in the juice cell of vacuole, but it may also be deposited in the cell wall or chloro-
plasts, depending on the plant species [4]. Studies have shown that manganese is one of the factors causing oxidative stress 
in plants [5,6], hence the knowledge of manganese speciation could give valuable information on the toxicity of selected 
forms. In speciation analysis, sample preparation plays important role, in particular due to the problems with the stability of 
species, and it is primarily related to the matrices of samples and chosen technique of analysis. Presented results relate to 
various aspects of plant samples preparation (e.g. Triticum L.) for determination of manganese species by chromatographic 
techniques coupled to inductively coupled plasma mass spectrometry (ICP-MS). Preparation of wheat samples including the 
choice of reagent for manganese extraction ensuring the highest efficiency of this process was investigated. The extraction 
efficiency of manganese from plant material was calculated as the ratio of manganese concentration determined using ICP-
MS in extracts and samples digest with the use of microwave system. Simultaneously fresh, dry, freeze-dry and freeze sam-
ples were evaluated. Other parameters like the extraction time, a method for purification of  extracts and storage conditions 
were also assessed. The quality of the total procedure was controlled by manganese determination in reference material of 
wheat (IPW 682). Chosen extrahents allowed fractionation of manganese into water and protein manganese fractions. Spe-
ciation of manganese was carried out using high performance liquid chromatography (inter alia: ion pair chromatography, 
anion exchange chromatography) with ICP-MS. Acknowledgment: The research was financed by the National Science Cen-
tre, Poland, project no. 2013/11/D/ST4/02839.   
 
References: 
[1] Pittman J.K., New Phytol., 2005,167, 733-742. 
[2] Millaleo R. et al., M. Soil Sci. Plant Nutr., 2010, 10, 476-494. 
[3] Grygo-Szymanko E. et al., Trends Anal. Chem. 2016, 80, 112-124. 
[4] Hernández R. B. et al., Toxicol. Sci., 2011, 124, 414-423. 
[5] Sieprawska A. et al., Acta Physiol. Plant. 2016, 38:55, 1-6. 
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ABSTRACT: Thin (<1 µm) and very thin (<100 nm) film materials have already proven to be at the forefront for continued 
advances in several emerging cutting edge technologies. Among these, challenging applications are under development in 
the fields of energy storage, thermoelectrics, photovoltaics, nanoelectronics, hard coatings and smart biomaterials. 
Consequently, better techniques are required for the precise and accurate measurements of the structure and the elemental 
composition of thin films. Indeed, with decreasing film thickness, traditional measurement methods suffer from low accuracy 
as a result of limited depth resolution. Thus, very few techniques such as Rutherford backscattering are recognized to enable 
accurate compositional analyses of thin films. Other techniques, that are well established for elemental analysis of bulk ma-
terials, suffer from difficulties of measurement calibration. Therefore, calibration-free laser-induced breakdown spectrosco-
py appears as a promising solution to overcome these difficulties. Here we report on LIBS analyses of thin films based on 
plasma modeling. The measurement concern relative simple bi-elemental films, and also complex multielemental coatings 
produced by pulsed laser deposition. The results are compared to those obtained with standard-less complementary meas-
urements using energy-dispersive X-ray spectroscopy (low accuracy) and Rutherford backscattering spectrometry (high ac-
curacy). The influences of the experimental conditions and the accuracy of available spectroscopic data on the analytical 
results are discussed.  
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ABSTRACT: The surface uniformity of optical properties of classically-manufactured glass surfaces may have a considera-
ble impact on the final functionality of an optical component. Against this background, the grade and distribution of surface 
contamination by working materials used during classical manufacturing such as lubricants, lapping suspensions and pol-
ishing agents are of specific interest. For instance, residues from such substances can lead to a decrease in the laser-induced 
damage threshold or locally modify the characteristics and performance of applied coatings. The distribution of surface and 
sub-surface contamination by aluminum, a well-established lapping and polishing agent, on classically-manufactured circu-
lar fused silica samples was investigated by laser-induced breakdown spectroscopy in the present work. It is shown that 
nearly no aluminum was found at the center of these samples whereas considerable contamination was detected close to the 
sample borders. In-depth measurements revealed that the penetration depth of aluminum contamination amounts to some 
tens of microns for the border region. In addition to LIBS measurements, the surface uniformity was evaluated regarding 
surface roughness and index of refraction by atomic force microscopy and ellipsometry. It was ascertained that the surface 
roughness was about two times larger at the center region than at the border. Moreover, the index of refraction increases 
from the center towards the border. These results are in good agreement with the distribution of aluminum as measured via 
laser-induced breakdown spectroscopy and indicate a non-uniform impact of the tools used during manufacturing on the 
glass surface in a locally selective manner. The findings may be of specific interest for different applications and especially 
for the realization of large-scale dielectric coatings. 
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Raman light scattering and infrared absorption studies of the phase 
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ABSTRACT:  At room temperature tetraaquamagnesium perrhenate crystallizes in a triclinic crystal system, within the 
space group No. 2 = P-1, with one molecule in the unit cell. The following unit cell constants: a = 6.4730(7) Å, b = 
7.0307(8) Å, c = 7.3330(8) Å, α  = 64.3676(19)°, β = 70.215(2)°, γ = 71.684(2)° were determined by us. These values 
agree very well with literature data [1].  The magnesium atoms in this structure are surrounded by four oxygen atoms from 
water molecules and by two oxygen atoms from perrhenate anions in a slightly distorted octahedral arrangement with an 
average Mg–O distance of ∼2.04 Å. The ReO4–	anions have a mostly regular tetrahedral geometry with an average Re–O 
bond length of 1.730 Å. The polymorphism of the [Mg(H2O)2](ReO4)2 compound was investigated for the first time by us by 
means of differential scanning calorimetry (DSC). The measurements were performed in the temperature range of 295-120 K 
on cooling and heating of the sample at different rates. One reversible phase transition of the investigated compound has 
been found at: h
c
T = 285.1  K (onset on heating) and 
c
c
T = 256.5 K (onset on cooling). The large  thermal hysteresis of the 
phase transition temperature Tc equal to ca. 28.6  K and the heat flow anomaly sharpness suggest that the detected phase 
transition is a first-order one. The moderate entropy change (ΔS ≈ 4.3 J⋅mol-1⋅K-1) connected with observed phase transition 
indicates some kind of dynamical disorder. X-ray single crystal measurements revealed that crystal structure of the low tem-
perature phase does not change significantly. The crystal structure at 100 K is nearly the same as that at 298 K. The space 
group (P-1, No.2) is the same for high and low temperature phase. However, small changes in water molecule orientation 
and changes in the hydrogen bond network are clearly visible. Dynamics of water molecules was probed by infrared (FT-
FIR, FT-MIR), Raman light scattering (FT-RS) and inelastic neutron scattering (INS) spectroscopies. The neutron scattering 
(INS) studies were conducted with NERA [2] time of flight  spectrometer (Dubna in Russia) in the temperature range of 9–
295 K. Vibrational spectroscopy measurements were performed in order to establish relationship between the observed 
phase transition and reorientational motions of the H2O ligands. In case of FT-IR and FT-RS data we observed splitting as 
well as narrowing of same bands connected with H2O vibrations in the vicinity of phase transition.  The density functional 
theory plane wave calculations of the normal modes within the periodic boundary conditions (CASTEP code [3]) were 
also performed in order to support band assignment. We have obtained good agreement between calculated and experi-
mental data (IR, RS and INS spectra).  
 
References  
[1] Matveeva R. G.,Varfolomeen M.B., Samraj V.B. and Lunk H.J., Z. anorg. allg. Chem. 532 (1986) 193-196 
[2] Natkaniec I., Chudoba D., Hetmańczyk Ł, Kazimirov V.Yu., Krawczyk J., Sashin I.L., Zalewski S.,  Journal of Physics: 
Conference Series, 554 (2014) 012002. 
[3] Clark S.J., Segall M.D., Pickard C.J., Hasnip P.J., Probert M.J., Refson K., Payne M.C. (2005), Zeitschrift fuer Kristal-
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ABSTRACT:  In the production of steel sheet, the surface of the steel is inevitably oxidized. Removal of this oxide layer, by 
acid pickling, is required. Controlling the acid concentration in the pickling process is of primary importance for maintain-
ing product quality. However, due to the increase in line speed, the acid concentration of the pickling solution changes dra-
matically in short time periods. This makes it difficult for conventional chemical analysis to catch up with the changes of 
concentration. Currently, near-infrared spectroscopy (NIR) is attracting attention as a rapid analytical method for determin-
ing the concentration of solutions. Therefore, the near-infrared spectroscopy (NIR) was applied as a rapid analysis method 
to measure the concentrations of acid and iron in acid pickling solutions. The results of experiments revealed that the con-
centrations of acid and iron can be calculated by multivariate analysis by using the measured spectra of solutions containing 
varied amounts of acid and iron ions. An actual pickling line test was performed, and a good correlation between the NIR 
results and the chemical analysis values was obtained. It was also found that long-term continuous measurement is possible 
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ABSTRACT: As a result of the global nuclear renaissance there is growing danger of nuclear proliferation, complicated fur-
ther by possibilities for terrorism utilizing improvised nuclear devices (IND) and/ radiological dispersal devices (RDD). This 
places a critical challenge on the existing nuclear forensics (NF) analysis techniques with regard to coping with tasks that 
demand rapid, direct, and minimally-invasive characterization of nuclear and radiological materials (NRM) especially if 
they are of limited size and/ or are concealed (typical in nuclear forensics). LIBS is extremely attractive to perform direct, 
rapid and minimally invasive analysis. As the utility of LIBS in air and atmospheric pressure is limited owing to ablation-
related matrix effects that result from the strongly coupled transient laser-matter interactions leading to the absence of 
clearly discernible analyte peaks we combine in our research group the technique with machine learning (hereby called ma-
chine learning enabled peak-free LIBS) to search for and analyze a wide variety of nuclear forensic signatures (isotopic - U, 
Pu, O, Pb, Sr, Nd, S) as well as chemical (rare-earth elements (REE), trace metal impurities) in NRM accruing from both the 
back and front end of the nuclear fuel circle.  Isotopic analysis is realized via LAMIS where we exploit machine learning to 
remove the low resolution limitation and enable quantitative analysis. LAMIS in air and atmospheric pressure is possible as 
the laser plasma exhibits large isotopic splitting (which is enhanced using machine learning) due to contributions of the 
rotational and vibrational states of the molecule. Whilst the advantages of peak-free LIBS and LAMIS are clear, the identity 
and distribution of the nuclear forensic signatures in the analyzed materials does not appear in a straightforward way, ow-
ing to the interpretative challenges of high-dimensional data. This is the other reason we combine the techniques with 
machine learning, to enable mining (management, analysis and visualization of large data) and the extraction of information 
from the spectra thus providing greater versatility. This paper describes machine learning enabled peak-free LIBS and 
LAMIS utilizing PCA, SVM, PLS, ANN, KNN, ICA, etc. to reduce the spectral components dimension, perform pattern 
recognition as well as multivariate calibration of trace nuclear forensic signatures. A standard is required only at the 
beginning (to deliniate the analyte spectral regions of interest), and the the end (for method validation). The paper further 
provides and discusses selected results from the nuclear forensic analysis and attribution of uranium ores, uranium-bearing 
minerals, ‘hot’ aerosols, uranium ore concentrates, uranium mine tailings, as well as nuclear waste and fuel simulates. The 
results highlight and demonstrate machine learning enabled peak-free LIBS and LAMIS as versatile, sensitive and rapid nu-
clear forensic techniques. 
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ABSTRACT: Single Particle Inductively Coupled Plasma Mass Spectrometry (spICP-MS) emerges as a promising novel na-
nomaterial characterization method which offers distinct advantages over other methods, especially in the case of the inves-
tigation of aqueous nanodispersions. In this technique, the sensitive ICP-MS spectrometers are used in the time-resolved 




 are adequate) via monitor-
ing the signal from one of the constituting elements of the nanoparticles (NPs). After the statistical evaluation of the signal 
time profile, information can be obtained about not only the elemental (isotopic) composition of the NPs, but also their size 
distribution, as well as the particle concentration. The measurement is fast (takes only a couple of minutes) and the required 
sample volume is also small (a few mL) [1,2].  
spICP-MS studies in the literature are described for spherical and monoelemental nanoparticles, for which the data evalua-
tion is easiest and the sensitivity is highest. At the same time, modern industrial and materials science applications use, in 
great numbers, engineered NPs which have a large diversity in terms of their shape and composition. The reason for this is 
that the shape of the nanoparticles can result in different surface properties, morphology, chemistry, electrokinetics, aggre-
gation kinetics, etc. [3]. Another group of nanomaterials in the focus of recent research is that of nanoalloys, which present 
very complex structures and properties, that can be tailored for specific and industrially relevant applications such as plas-
monics, catalysis, data storage, etc.[4]. In spite of the practical importance of these NPs, studies dealing with the measure-
ment of nanorods and nanoalloys in the spICP-MS literature are extremely scarce [5].  
Our present work is focused on the spICP-MS measurement of nanorods and bimetallic nanoalloy particles. We found that 
suitable measurement conditions and data evaluation approaches actually allow the determination of not only the mass (vol-
ume) distribution or number concentration of such particles, but also their estimated aspect ratio (in case of nanorods) and 
sctructure (e.g. core-shell, homogeneous, hollow, etc.). Our contribution will present data for gold nanorods and gold-silver 
spherical nanoalloys, specifically synthesized for this study, obtained by using both regular (millisecond-range) and high 
(microsecond-range) time resolution spICP-MS experiments. Special attention is paid to the problems of optimization and 
calibration.   
 
[1] F. Laborda, E. Bolea, J. Jiménez-Lamana, Trends in Environ. Anal. Chem. 9 (2016) 15. 
[2] I. Kálomista, A. Kéri, G. Galbács, J. Anal. At. Spectrom. 31 (2016) 1112. 
[3] J. Pérez-Juste, I. Pastoriza-Santos, L. M. Liz-Marzán, P. Mulvaney, Coord. Chem. Rev. 249 (2005) 1870. 
[4] D. Rioux, M. Meunier, J. Phys. Chem. 119 (2015) 13160. 
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ABSTRACT: Determination of the local structure of water in the liquid state is a topical problem nowadays. Although 80 
years ago Cross et al. (JACS 59 (1937) 1134) for the first time noted an anomalously high intensity of the line at 2170 cm
–1
 
interpreted as a combined bending and librational vibration, and later a number of reports on Raman spectra of water and 
ice have increased rapidly, it can be stated that unusual properties of the Raman line at 2170 cm
–1
 have not been studied. 
In this work, liquid deionised and triply distilled water was used in our experimental spectroscopic investigations. Raman 
spectra were recorded using an FT-Raman MultiRam Bruker spectrometer with a 785 nm laser (500 mW) and a Silicone 
Avalanche diode as a detector. Thermostabilisation during temperature investigations was provided by a LINKAM cryostat 
(model FTIR 600). Spectra were recorded in the spectral range from 50 to 5000 cm
−1
 with an optical resolution of 0.5 cm
–1
.  
Water in the liquid phase is a mixture of high density liquid (HDL) and low density liquid (LDL) with the ratio 3:1. The local 
structure of LDL is close to the crystal structure of water at normal conditions, when each molecule is surrounded by four 
molecules, which are located in vertices of a tetrahedron, and is connected to them by four hydrogen bonds. In HDL, the 
tetrahedral structure of the nearest environment is broken, and the number of H-bonds decreases to 3 or 2. In order to simu-
late vibrations in the two types of the local structure of water, the structure of water pentamer was optimised in the approxi-
mation B3LYP/cc-pVTZ assuming that four non-central water molecules are located in vertices of a tetrahedron. Comparing 
Raman spectra obtained at +3°C and –4°C one can notice that arbitrary intensities of Raman lines near 1630 and 2200 cm
–1
 
drastically change with the transition from the liquid to the solid phase. It occurs mainly because of the intensity decrease of 
the line at 1630 cm
–1
. This can be explained by the fact that in the crystalline phase, almost each water molecule acts as a 
donor for two H-bonds. It is clear qualitatively that involving a water molecule into one or two H-bonds as a donor should 
increase the bending vibration frequency and decrease the intensity of the corresponding Raman line owing to a decrease in 
the amplitude of this vibration. Basing on the ratio HDL:LDL=3:1 and assuming that LDL corresponds to water molecules 
with two H-bonds, we varied the ratio between the number of molecules with one and those without donor H-bonds, keeping 
the portion of water molecules with two donor bonds fixed (0.25) in order to find the best agreement of the calculated and 
experimental contours of the corresponding Raman lines in the liquid phase. In the crystalline phase, the tetrahedral struc-
ture dominates; therefore the portion of water molecules with one and without any donor H-bonds was set ≤ 2%. According 
to calculations, an increase in the number of donor H-bonds leads to a frequency increase of the bending vibrations, but the 
Raman activity of these vibrations has an opposite dependence. Simulation of the experimentally observed Raman contours 
of the bending vibrations in the liquid and solid states is in good agreement with the assumption that the portion of molecules 
involved in double donor H-bonding increases from 0.25 to almost 1 with the transition from the liquid to the crystalline 
phase. Calculations of frequencies and intensities of the combined rocking-bending vibration have shown the possibility of a 
slight weakening of the H-bond in the excited state owing to a large amplitude of the corresponding vibration. However, in 
general, the model of water pentamer cannot adequately explain the experimentally observed parity of intensities of the Ra-
man lines assigned to the bending and combined vibrations near 2200 cm
–1
. Probably, this phenomenon can be explained by 
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ABSTRACT: The importance to determine not the total element concentration but the species concentration within several 
applications like in industry and food sector is increasing from year to year. The reason is that from point of toxicity the in-
formation about species concentration is more relevant than the total elemental concentration. For example DIN EN 71-3 
requires to determine the migration of Chromium (III) and Chromium (VI) from toy materials
[1]
. The different specified max-
imum migration limits for these species give a direct connection to the toxicity, which is for one of the categories of toy mate-
rial for example 9,4 mg/kg for Cr(III) and only 0,005 mg/kg for Cr(VI). The most typical way now is to determine the total 
Chromium. If the migration is below 0,005 mg/kg the toy is in accordance to DIN EN 71-3, but if the amount of migrated 
Chromium is higher, speciation analysis needs to take place. Within this poster the ICPMS Time Resolved Measurement 
Software developed by Shimadzu is applied, enabling the control of both devices (LC and ICPMS) within the same software 
platform and as a consequence a much more easy use of hyphenated techniques. Further application example is the Arsenic 
speciation in rice, which is getting more relevant because of the tendency that an increasing amount of people follow gluten 
free diets (even without having celiac disease) and different products of rice like rice flour are a common substitute of wheat 
products. As rice is well known to bioaccumulate certain toxic elements like arsenic, special attention has to be paid to avoid 
that any negative consequences for the human health are avoided. 
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ABSTRACT: Providing spectroscopic data of neutral magnesium (Mg) atom is intrinsically important for further progress 
of atomic physics and astrophysics [1]. In the present study we have made laser spectroscopy of 3snp (26≤n≤59) 
3
P0,1,2 





metastable state. In our experiment metastable atom beam of Mg is produced via laser ablation of a Mg rod in a vacuum 
chamber, of which the background pressure is on the order of 10
-4
 Pa. Laser ablation of the Mg rod has been done between 
a pair of low voltage (~ 200 V) electrodes so that a charged component in the ablation plume initiates discharge between 





state, which is the lowest excited state lying 21850.405 cm
-1













intermediate state at 41197.403 cm
-1
 
[3] using two sets of home-made Littman-Metcalf type tunable dye lasers pumped by a 20-Hz Q-switch Nd:YAG laser. Typi-
cal spectral linewidth of our dye lasers are around 0.3 cm
-1
. Atoms excited into Rydberg states are field-ionized by applying 
pulsed electric field and detected using a dual micro-channel-plate detector. Wavelength calibration of excitation laser has 
been done by recording interference fringes from a solid or an air-spaced etalon and optogalvanic signal from an argon 
hollow-cathode lamp at the same time.  In our measurements, a single Rydberg series has been identified which is assigned 
as 3snp 
3
P Rydberg series in accordance with the electric dipole selection rules. We note that J = 0 - 2 fine-structures of the 
3snp 
3
P states cannot be resolved due probably to the broad line width of the excitation laser [4].   
 
References 
[1] see, for example, K. B. MacAdam et al., J. Phys. B 45, 215002 (2007), and references therein. 
[2] T. Amemiya et al., (to be published).  
[3] NIST Atomic Spectra Database, https://www.nist.gov/pml/atomic-spectra-database. 
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ABSTRACT: The presentation reports on novel Soft X-ray Fresnel CDI ptychography results, demonstrating the potential of 
this method for dynamic studies. Our in-situ ptychography experiments explored the electrodeposition process of Mn and 
Co/polypyrrole (PPy) nanocomposites, Pt-free candidates for fuel cell catalysts [1]. The measurements were performed us-
ing a custom-made three-electrode microcell [2]. The cell has been developed at the TwinMic beamline of Elettra during a 
series of experiments that were continued at the SXRI beamline of the Australian Synchrotron [1]. The ptychography-based 
investigation of the electrodeposition dynamics was executed during the in-situ electrical biasing of the electrochemical cell. 
Besides the observation of morphological changes, we retrieved the spectroscopic information, provided by multiple ptycho-
graphic energy scans across Mn and Co edges. The most important issues related to the computational aspects of such ex-
periments will be outlined and potential improvements of the methodology will also be discussed. 
[1] G. Kourousias, B. Bozzini, A. Gianoncelli, M. W. M. Jones, M. Junker, G. Van Riessen, M. Kiskinova. Shedding 
light on electrodeposition dynamics tracked in situ via soft X-ray coherent diffraction imaging, Nano Research, Vol. 9 - 7, 
pp. 2046-2056 (2016) 
[2]  B. Bozzini, A. Gianoncelli, P. Bocchetta, S. Dal Zilio, G. Kourousias. Fabrication of a Sealed Electrochemical Mi-
crocell for in Situ Soft X-ray Microspectroscopy and Testing with in Situ Co-Polypyrrole Composite Electrodeposition for 
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ABSTRACT: Speciation analysis is defined as a process assuring the separation and quantification of different chemical 
forms, in which element of interest can be present in a sample. The commonly used approach for the speciation studies com-
bine the separation of the species present in a given object by chromatographic methods followed by the measurement of the 
element content by any of the element specific atomic spectrometry techniques. The ability to perform isotope ratio meas-
urements and as a consequence isotope dilution (ID) analysis plays a key role in HPLC ICP MS technique. This modification 
has a great potential, particularly for the quantitative determination of speciation forms of elements. The main assumption of 
isotopic dilution method is based on the measurement of isotope ratios in a sample, where its isotopic composition has been 
altered by the addition of a known amount of an isotopically enriched standard of the element of interest. The aim of this 
study was to optimize the measurement procedure of isotope dilution mass spectrometry technique in a species-specific mode 
of the element and species-unspecific mode in order to quantify the concentration of selenomethionine in plant samples. The 
species specific IDMS procedure requires the use of a spike solution containing the species to be analyzed in an isotopically 
labelled form. The spike solution is added to the sample at the very beginning of the analytical procedure, and once complete 
mixing between the added enriched species and the naturally occurring, the sample is ready for measurements, thus all tra-
ditional advantages of isotope dilution analysis can be fully exploited. However, it needs to be stressed that this mode is lim-
ited by the lack of commercial species-specific enriched spikes. Thus the second approach is based on the use of the species-
unspecific spiking mode. The addition of the external isotope is carried out after the complete separation of the naturally 
occurring species in the sample. The spike and reference solution may be composed of a chemical form different from that of 
the species originally present in a sample. Although this mode of spiking does not offer the full range of advantages listed 
before, it is still consider to be very useful in many of the applications. 
 
Acknowledgements: Financial support from National Centre of Science (NCN, Poland), project UMO-2013/09/B/ST4/00949, 
in the years 2014 - 2017, is gratefully acknowledged. The study was carried out at the Biological and Chemical Research 
Centre, University of Warsaw, established within the project co-financed by European Union from the European Regional 
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ABSTRACT: The mechanism of atomization of hydride forming elements in a novel planar dielectric barrier discharge 
(DBD) atomizer as well as in a conventional externally heated quartz tube atomizer (QTA) was investigated. Bismuth and 
selenium were selected as model analytes. A variety of spectrometric methods was employed, including atomic absorption 
spectrometry (AAS) to monitor distributions of free atoms along the optical path, inductively coupled plasma mass spectrom-
etry (ICP-MS) to investigate the analyte fractions breaking through the atomizer on the one hand and being retained in the 
atomizer (after leaching) on the other. Direct analysis in real time (DART) coupled to an Orbitrap MS was employed to iden-
tify the structures of the species arising from the hydride generator as well as the atomizer. The effect of hydrogen on atomi-
zation was investigated by hydride generation-cryotrapping (CT)-AAS. Last, but not least, the process of selane atomization 
was studied also by means of 75Se radiotracer. 
Free Bi atoms were essentially absent outside the central part of the DBD atomizer, whereas the fraction of free Se atoms in 
the same region was estimated to be ca 80% of the value observed in the middle of the atomizer. The gas phase analyte frac-
tion transported beyond the confines of the DBD or QTA atomizers, quantified by ICP-MS, was less than 10% for Bi. On the 
contrary, this breakthrough estimated by ICP-MS for Se was ca 50% and 90%, respectively for DBD and QTA. The amount 
of Bi found in nitric acid leachates of the interiors of both atomizers was ca 90%. In the case of Se, the analyte fraction in the 
leachates of the atomizers reached 43% and 15%, respectively, for the DBD and QTA. Experiments with 75Se radiotracer 
revealed that the analyte fraction breaking through the atomizers reaches 64% for the DBD and 88% for the QTA. These 
results are in a good agreement with those obtained by ICP-MS for Se. Combination of radiotracer and image plate autora-
diography permitted visualization of the spatial distribution of Se deposits in both atomizers. In the QTA, analyte is deposit-
ed in a narrow zone at both colder ends of the optical arm (200 – 400 °C) protruding outside the heating unit. On the contra-
ry, Se was deposited homogeneously along the whole length of the optical arm of the DBD. By use of CT experiments, the 
presence of hydrogen was found to be essential for atomization of both analytes in both atomizers. Results from DART-MS 
measurements will also be presented.  
Our results clearly show different behavior of selected hydride forming elements, indicating higher reactivity of Bi free at-
oms compared to those of selenium. However, the atomization mechanism is likely identical for both analytes, proceeding via 
reactions with H radicals. 
 
This work was supported by the Czech Science Foundation (P206/17-04329S) and Institute of Analytical Chemistry of the 
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ABSTRACT: A newly developed ‘Single-shot’ X-ray Absorption Spectroscopy Fine Structure (S2XAFS) setup is presented. It 
enables both time- and spatially resolved EXAFS information simultaneously in a ‘single shot’. First tests of this setup were 
performed at the BAMline @ BESSY-II (Berlin, Germany). The principle is simple: A primary broadband beam passes 
through the sample and is then diffracted by a convexly bent Si (111) crystal. The resulting divergent beam is collected by an 
area sensitive detector. Two rotating motors are used to allow a θ-2θ-geometry. The bending mechanism was designed and 
manufactured in house. It enables an exact and reproducible bending of a commercially available Si wafer. The bending 
behavior of the crystal surface was investigated experimentally and via computer simulations. Tests on metal foils were per-
formed for the adjustment and aligning of the setup, and for specific parameters, energy calibrations were done. Beside tests 
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ABSTRACT: In this study, the analytical possibilities of in-situ detection of solid aerosols generated in a steelmaking factory, 
as well as the determination of their elemental composition, have been evaluated, using a stand-off LIBS analyzer able to 
work at distances up to 8 meters. Two modes of interaction between laser beam and airborne particles, namely single-pulse 
and double-pulse laser regimes, were assessed. 
Experimental results confirmed the main source forming aerosol particles: casting powder probably removed from the slab 
surface during the oxicutting process of stainless steel slabs. Both elemental (Al, Ti, Li) and molecular (CaO, CaF) emission 
signals confirmed the presence of particles of this lubricant powder in the analyzed atmosphere. An additional identified 
source of particulate matter, obviously, was the steel itself being cut, since Cr emission, coming either from the steel bulk or 
from the oxidized steel surface, was also detected  in suspension. Finally, another potential origin of Li species in the factory 
atmosphere was the Li-based greases for the lubrication of rollers in the continuous casting line. 
Computed values  for sampling rates  from the analysis  of aerosols in a region  next to the  oxycutting unit  indicated an 
enhancement of the concentration of airborne particles for the case to be running the cutting process of the slabs, compared 
to periods with the oxycutting unit off. Likewise, double-pulse laser measurements seem to slightly improve the sampling rate 
values compared to those obtained in single-pulse regime. The estimation of sampling rates was conducted using a suitable 
data processing method based on the analysis of standard deviation of the acquired signals. 
Field tests have proved the viability of stand-off LIBS technology for the in-situ and real-time detection of solid aerosols in 
industrial environments, thus becoming an analytical on-line tool for a rapid monitoring and control of particulate emissions 
generated in hostile scenarios. 
 








Identification strategies for steel grades at high temperature 
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ABSTRACT: The objective of this study is the development of a method for identification of steel grades by stand-off LIBS 
(laser-induced breakdown spectroscopy). Measurements on steel samples have been made at a distance of 4.5 m, at elevated 
temperature and firing one laser shot in each fresh position of the sample surface, simulating real conditions during the con-
tinuous casting of steel in a production line. 
Discrimination between different grades is based on double-pulse ablation of the scale layer formed on the surface when the 
steel sample is raised up to 900ºC inside a furnace in contact with air.  The two laser beams (collinear Nd:YAG lasers oper-
ated at 1064 nm) are focused onto the sample with a 5x beam expander, and the emitted light is collected by means of a 
Maksutov-Cassegrain telescope. This telescope focuses the plasma light onto an optical fiber connected to a miniaturize 
spectrometer fitted with a CCD detector. Both pulse energy and temporal conditions have been optimized in terms of average 
ablation rate, signal-to-noise ratio and signal stability. Real-time control and monitoring of the spectral intensities, in addi-
tion  to statistical treatment  of acquired data have been designed,  in order  to detect  immediate changes in the chemical 
composition of the scale layer, revealing an expected change in the composition of the steel matrix below. 
The main challenge of the present research  lies  in the experimental fact  that  the chemical composition  of such a layer 
deviates significantly from that of the bulk material, and not in a linear and predictable way. Moreover, a complete removal 
of the scale layer from the surface with a single laser shot is not feasible. Therefore, quantitative analysis or calibration-
based methods have to be discarded and advanced chemometric strategies for identification purposes were developed in the 
lab. Discriminant Function Analysis (DFA) has been chosen as an appropriate semi-quantitative statistical method for the 
differentiation of steel grades from the spectral information obtained from the corresponding scale layers. The statistical 
parameters derived from DFA and discriminant functions are presented with good correlation values. 
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ABSTRACT: High wear resistant coatings were analyzed by laser induced breakdown spectroscopy (LIBS) and energy dis-
persive X-ray (EDX) spectroscopy. Coaxial laser cladding technique was utilized to produce tungsten carbide coatings de-
posited on low alloy steel substrate. EDX and LIBS techniques were used for elemental profiling of major components (Ni, 
W, C, Fe, etc.) in the coating. A good correlation between EDX and LIBS data was observed while LIBS provided additional 
information on light element distribution (C, B, Si). A non-uniform distribution of WC grains along coating depth was de-
tected by both LIBS and EDX. In contrast, horizontal elemental profiling showed a uniform tungsten carbide particles distri-
bution. Depth elemental profiling by layer-by-layer LIBS analysis was demonstrated to be an effective method for studying 
tungsten carbide grains distribution in wear resistant coating without any sample preparation. 
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ABSTRACT: Raman signal enhancement by multiple scattering inside laser crater cones was observed for the first time. La-
ser crater enhanced Raman spectroscopy (LCERS) yielded a 14-fold increase in the Raman spectra bands due to efficient 
multiple scattering of laser irradiation within the laser crater walls. The same pulsed Nd:YAG laser (532 nm, 10 ns) was 
used for both laser crater formation and Raman scattering experiments by varying the output pulse energy. First, powerful 
pulses are used to produce the laser crater and then low energy pulses are used to perform Raman scattering measurements. 
The laser crater profile and its alignment with the laser beam waist were found to be the key parameters for the optimization 
of the Raman bands intensity enhancement. Raman intensity enhancement resulted from increased surface scattering area at 
the crater walls rather than spatially offset Raman scattering. The increased signal-to-noise ratio resulted in limits of detec-
tion improvement for quantitative analysis using LCERS. The simplicity of instrumentation and lack of need for an optics 
arrangement (the same optics is used for ablation and Raman scattering measurements) make the LCERS technique a pro-
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ABSTRACT: The coal combustion in a power plant produces bottom and fly ashes and usually these combustion residues are 
improperly stored at the plant site or on-site disposal. As a consequence an environmental contamination can be produced. 
The determination of leaching inorganic pollutant in solid waste, such as coal and ash is an important topic for further in-
dustrial applications and solid waste management. Environmental contamination caused by coal ash disposal and also their 
further industrial application requires the knowledge of their total metal concentration besides the available metal fraction 
to other environmental compartments.1 In the literature2 is reported the use of EDTA as a leaching agent to predict solid 
waste metal availability. The objective of this work was to evaluate the availability of As, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, V 
and Zn in coal and ashes produced by coal power plants from the south of Brazil and to predict probable elements which 
might contribute to the environmental contamination. The total elements concentration in coal and ashes were determined by 
the ICP-MS technique, after acid decomposition in microwave oven and metal block for coals and ashes, respectively. For 
this purpose a preliminary study was made to investigate the optimal extraction conditions, considering the influence of fac-
tors such as EDTA concentration, sample mass and contact time. For the experiments one coal sample from Candiota power 
plant was used. For this study an experimental design was applied and the response surface methodology. By using central 
composite design (CCD) method, 17 experiments (including 3 repetitions at the central point) were designed. According to 
the results the compromise conditions (0.05 mol L-1EDTA, 1 g and 60 min) were chosen for the samples extraction. The sam-
ples were weighed in 50 mL polypropylene flasks, 20 mL of 0.05 mol L-1 EDTA was added and after 60 min agitation, the 
samples stayed overnight. After centrifuge (35min at 3000 rpm) the supernatants were taken and diluted with 0.01mol L-1 
HNO3, for the analyses by ICP-MS using external calibration. With the values of the available concentrations of the elements 
investigated was possible to determine their available percent dividing these values by the total concentration in the samples 
and multiplying by 100. The mean values of available percent obtained for each element in 8 coal samples of Candiota pow-
er place showed that their availability follow the sequence Mn > Co > Cu > Pb > Ni > Zn > Cd > V > As > Cr. The meth-
odology was also applied for ashes samples but for some elements, like Zn, matrix interferences were observed. The use of 
an internal standard to compensate matrix effects and standard addition calibration will be investigated in order to minimize 
these interferences. 
1. Flues, M., Sato, I. M, M.A., Cotrim, M. B., Figueiredo Filho, P. M., Camargo, I. M. C., Química Nova 2008,31(1), 25. 
2. Garrabants AC, Kosson DS. Waste Manage 2000;20:155–65. 
Acknowledgements to PROPESQ (BIC)  
 
 





Mercury analysis in Coal, Ash and Slag using  Cold Vapor-
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ABSTRACT: The mercury   is a highly toxic element, its effects have been exposed in different forums and in specific in 
the Minamata Agreement (1). The Mercury presence in the environment has different antrophogenic origins. Its 
control is of vital importance and it is necessary to know the emission levels of the possible sources of contamination. 
The mercury cycle involves a variety of sources and complex processes of transport and mobilization. It is estimated 
that 30% of the current emissions into the atmosphere are of anthropogenic origin, while 10% come from natural 
sources and the rest 60% comes from re-emissions of mercury deposited and accumulated historically in soils and 
Oceans "(Minamata Agreement)(1) . Therefore, it is very important to have adequate analytical methods for analysis 
in different matrices. In the process of generating electric energy from coal, large amounts of coal are consumed and 
two by-products are generated; Ash and slag, which may contain mercury. Coal is difficult to analyze due to its nature, 
in some cases due to inorganic components that accompany it, among which are silicates(2). In the case of ash and 
slag, their matrix is very complex because they contain large amounts of silicates. It is possible that in these by-
products the mercury present in the coal used for combustion is fixed. In this work we show an analytical method for 
mercury analysis at trace level in carbon, ash and slag. The used technique for all samples was microwave digestion 
(TITAN MPS Perkin Elmer and after, for analysis, inductively Coupled Plasma Optical Emission Spectroscopy and 
Cold vapor (ICP OES-CV). After different tests it was obtained a good digestion for all samples, using HNO3, H2SO4 
and HF (5:5:2 ml) respectively. The same digestion conditions were established for the three types of samples. We 
used three different mercury wavelengths (λ=253.652nm, λ=194.168nm  y λ=184.886nm). It was tested NaBH4 and 
SnCl2, with KMnO4 addition  until purple permanent color. 0.3 g of sample weight was used and brought to 50 ml of 
final volume, with ASTM Type I water. The limit of detection was 40 mg / kg. NIST1635a was used to validate the 
method.. The values obtained are in the range of 200-500 mg / kg for Coal and 311-350 mg / kg and 356-400 mg / kg 
for the slag and ash respectively. 
 
1.Convenio de Minamata, PNUMA,Uruguay, 2014, Versión Abril 2014.Disponible en 
http://www.mercuryconvention.org/Portals/11/documents/publications/informe_Minamata_LAC_ES_FINAL.pdf 
2. ZHANG Cheng et al. / Journal of Fuel Chemistry and Technology, 2009, 37(1): 1-5 
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ABSTRACT: Due to the much higher toxicity of inorganic arsenic (iAs) in comparison to the other organically bound As 
species, only iAs needs to be monitored in food. The most common approaches to speciation analysis of iAs are based on 
liquid chromatography coupled to element specific detector after a microwave assisted extraction using diluted acids and 
hydrogen peroxide. However, the approaches based on liquid chromatography do not have to fit to routine laboratories due 
to time demands per sample and more complicated data treatment, which makes the validation more difficult. Therefore, the 
development of simple and fast analytical methods is still necessary with a focus on screening of large number of samples. 
Recently, a method of selective hydride generation-inductively coupled plasma mass spectrometry (HG-ICP-MS) for the fast 
determination of iAs in rice samples was published [1] and successfully validated [2]. The method uses high concentrations 
of HCl (5M) and NaBH4 (2%) for the selective generation of AsH3 which is formed with only a minor contribution of 
dimethylarsane from dimethylarsinate (DMAsV). Methylarsonate (MAsV) forming methylarsane was a more pronounced 
interferent in iAs determination but since MAsV is generally absent or only present in trace amounts in rice, this was shown 
not to affect the accurate quantification of iAs. The aim of this work was to apply this method also for the samples of marine 
origin (fish and seaweed) whose matrix and arsenic speciation is far more complex. HCl and HClO4 were tested as acids and 
optimized for selective HG of iAs with respect to potential interferences from MAsV and DMAsV. Addition of Antifoam B to 
NaBH4 solution was investigated to deal with excessive foaming of extracts (by 2% HNO3 and 3% H2O2) given by high 
protein content. The method was applied to certified reference materials from National Research Council Canada – DORM-
3, DORM-4, TORT-3, DOLT-4, DOLT-5, PRON-1 and SQID-1 and to four seaweed samples. Comparative analyses were 
performed with postcolumn HG-atomic fluorescence spectrometry [3]. The method of selective HG-ICP-MS is sensitive and 
can be used as the fast screening method for iAs in large sample sets. It is fully automated using a standard ICP-MS 
autosampler with analysis time just over 4 minutes per sample.  
References: [1] S. Musil, Á. H. Pétursdóttir, A. Raab, H. Gunnlaugsdóttir, E. Krupp, J. Feldmann, Anal. Chem. 86 (2014), 
993–999. [2] Á. H. Pétursdóttir, N. Friedrich, S. Musil, A. Raab, H. Gunnlaugsdóttir, E. M. Krupp, J. Feldmann, Anal. 
Methods UK. 6 (2014), 5392–5396. [3] K. Marschner, S. Musil, J. Dědina, Anal. Chem. 88 (2016), 4041–4047.  
Acknowledgements: Czech Science Foundation (project no.  P206/17-04329S), Institute of Analytical Chemistry of the CAS, 
v. v. i. (project no. RVO: 68081715), Ministry of Education, Youth and Sports of the CR (Program Kontakt II, project No. 
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ABSTRACT: Coal is apt to concentrate many toxic elements whose content is governed by geological and geochemical speci-
ficity of the coal deposit. Serious environmental concern is being associated with the presence of mercury in coal. The mer-
cury concentration in coal varies by more than 5 orders of magnitude, from less than 1 ppb to 300 ppm. Mercury species in 
coal can be represented by elemental mercury, syngenetic mercury, initially bound to organic matrix, isomorphic in sulfides, 
and to silica (mainly clay) minerals. The peculiarities of mercury distribution in coal have been studied by thermoscanning 
technique based on the release of specific mercury species from coal matrix during its gradual heating. Total mercury con-
centration and mercury thermospecies in coal were determined using Zeeman mercury analyzer RA-915M coupled with 
PYRO-915+ attachment, which is a PC controlled atomizing system. Total mercury concentration in the studied coals of 
different ranks and metamorphism degree were found to be within a range of less than 2 ppb up to 7600 ppb. The thermos-
canning reveals the presence of various mercury thermospecies in coal, which could be subdivided in the low-temperature 
species, which are released at a temperature below 200 OC. They can be attributed to elemental mercury bound to coal ma-
trix by physical sorption and occlusion. The appearance of the mid- and high- temperature species could be attributed to 
mercury bound to organic coal matrix, sulfides (mainly pyrite, FeS2), and clay minerals. The scanning electronic microsco-
py and electron probe microanalysis reveal the points of mercury accumulation, up to tenths percent by weight, in organic 
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ABSTRACT: The method of laser induced breakdown spectroscopy (LIBS) was used to investigate intensive lines of sodium, 
calcium in the dissolved solutions under the action of ultrasound at the frequencies of 10.7 kHz and 60 kHz. To excite optical 
breakdown in water we used a Nd:YAG laser with the wavelength of 532 nm, a pulse duration of 10 ns and pulse energies of 
up to 180 mJ (in a modulated Q-mode). Acoustic radiation was generated within of cylinder transducers using a digital gen-
erator and powerful amplifier with maximum amplitude of 100 kPa. To excite optical breakdown in water we used a Brilliant 
B Nd:YAG laser with an emission wave length of 532 nm, a pulse duration of 10 ns, and pulse energies of up to 500 mJ (in a 
modulated Q-mode). Acoustic radiation was generated using a digital generator of arbitrarily shaped signals and broad 
band amplifier with maximum amplitude at a resonance of 100 kPa. The problem of synchronization of acoustic and optical 
radiation was solved. Generator of delays was used for the best results of interaction of acoustic and optical radiation.  
Thus, the effect of magnification of Na and Ca spectral lines intensity for salt water under the influence of an ultrasound 
field was found. It should be noted that the intensity of the ion Ca line depends on the phase of ultrasound field as well.  
The obtained results indicate the possibility of increasing the efficiency of laser-induced breakdown spectroscopy of a liquid 
in the ultrasound field and allow you to talk about the possibility of application of ultrasound in technology LIBS. This work 
was supported by the Russian Foundation for Basic Research (project 16-02-00841-a).  
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ABSTRACT: This work presents a novel approach to perform LIBS elemental imaging in the vacuum ultraviolet (VUV) 
wavelength range by using an Argon purge probe couple to a compact spectrometer. In spite of several important 
elements for geological and mineralogical science such as, P, S, As, B, C, or Zn presenting strong lines in the VUV 
range, the need of using specific optics and working under free-oxygen conditions has limited the extension of LIBS 
systems able to work in this range. Herein, we present an adaptation of our LIBS imaging experimental design to 
access to the VUV working at atmospheric pressure. The system is based on an optical probe directly couple to a 
MayaPro compact spectrometer (Ocean Optics, covered range 150-250 nm), the all being purged with argon. 
In this work, the technical design along with a detailed evaluation of the VUV probe is addressed. The possibility to 
use this VUV probe for LIBS imaging is also investigated by studying a Canadian mining core sample with special 
emphasis to the detection of sulfur. In addition to Sulfur, more than 15 elements including P, As, C, Ca, Si, Mo, B, and 
Zn have also been detected. Elemental images covering sample surfaces in the range of cm
2
 with a micrometric spatial 
resolution (< 10 µm) are presented. A limit of detection of 0.22 wt% for Sulfur is demonstrated in a single shot 
configuration. Along with silicates, borosilicates and carbonates phases, three sulfur mineral phases, i.e. chalcopyrite 
(CuFeS2), pyrite (FeS2) and molybdenite (MoS2) have also been clearly identified. These results show the feasibility of 
LIBS imaging to work in the VUV range evaluating from the technical and practical point of view the potential use of 
laser spectroscopy in geology and mine applications.  
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ABSTRACT: Electrodeposited multilayers and compositionally modulated alloys are innovative materials of interest due to 
their mechanical, magnetic and corrosion properties and so they need to be characterized in terms of layer structure and 
composition. Pulsed glow discharges (PGD) coupled to time-of-flight mass spectrometry detection (TOFMS) offers great 
potential for in-depth profile analysis of these types of materials as it allows high acquisition rates and good mass resolution 
together with depth resolution in the nanometer range. Moreover, due to the low intrinsic matrix effects of this technique, it 
allows not only for qualitative (signals versus sputtering time) information but also for quantitative results (concentration 
versus sample depth). Nevertheless, there is still a lack of analytical quantitative approaches to achieve this last aim, espe-
cially when dealing with PGD sources. The purpose of this work is to develop and evaluate different quantification proce-
dures for PGD-TOFMS. In particular, research was focused towards the characterization of samples consisting on NiCu/Cu 
layers and multilayers electrodeposited on Si wafers with total thicknesses ranging between 200 nm and 800 nm and individ-
ual NiCu & Cu layers of at about 80 nm. 
 PGDs are characterized by three different regions due to the temporal application of the applied power: prepeak (just at the 
beginning of the applied power), plateau (during the duration of the power) and afterglow (after the applied power is off) 
This last region is the most sensitive one and so it is very convenient for quantitative analysis of the minor components, how-
ever, major components are often saturated.  For such cases, we have investigated two different strategies based on a multi-
matrix calibration procedure:(i) using the afterglow region for all the sample components except for the major element (Cu) 
that was analyzed in the plateau, and (ii) using the afterglow region for all the components but instead of Cu measuring the 
ArCu signal. Quantitative depth profiles obtained with these two strategies were in well agreement with the expected values 
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ABSTRACT: The rapid qualitative and quantitative stratigraphic 3D-analysis of metal coatings, in particular on structured 
samples, is of substantial importance in modern industrial and medical QC/QA routine. Laser-Induced Breakdown Spectros-
copy (LIBS) is one of the most promising options to receive fast and reliable results in this field
1
. Consequently, finding the 
optimal parameters for the analysis of given systems is a crucial task. Furthermore the knowledge of the ablation properties 
in combination of laser-induced heat transfer allow for the development of custom analysis and machining approaches for 
composite layered materials. 
In this Study, various galvanic coatings of Cu and Ni at different thicknesses (5, 10, 15 and 20 µm) typically applied in in-
dustrial standard routines were investigated. Ablation experiments were carried out using the first two harmonic wave-
lengths of a pulsed Nd:YAG laser (1064 and 532 nm), and the resulting plasma spectra were analysed using the correlation 
method
2,3
.  For both wavelengths, the ablation behaviour, effective absorption coefficient and LIBS depth profiles were stud-
ied in relation to the layer thickness and compared to corresponding theoretical values
4
 originating from common thermal 
ablation models. 
[1] T. O. Nagy et al., Applied Surface Science (2016), in print, accepted for publication: http://dx.doi.org/10.1016/j.apsusc.2016.12.059 
[2] M. P. Mateo, et al., Surface and Interface Analysis 38 (2006) 941-948. 
[3] T. O. Nagy et al., Applied Surface Science 302 (2014) 189-193. 
[4] E. Matthias, et al., Applied Physics A: Solids and Surfaces 58 (1994), 129-136. 
 
   
 
Poster Session III - PP42
Proposition of Classification Models by Near-Infrared Spectroscopy 
for Quality Evaluation of Cattle Leathers  
Carlos Eduardo M. Braz*
A,B
, Ana Rita A. Nogueira
A
, Manuel Antonio C. Jacinto
A




Embrapa Pecuária Sudeste, São Carlos, SP, 13560-970, Brazil; 
B
Grupo de Análise Instrumental Aplicada, De-
partamento de Química, Universidade Federal de São Carlos, São Carlos, SP, 13565-905, Brazil.  
*carlosedumb@yahoo.com.br
ABSTRACT: In order to determine the quality of the leathers after tanning process, we construct models by near-infrared 
spectroscopy (NIRS) based on physical and mechanical tests, which allowed us to assess the capacity of the leathers to 
withhold the wear and tear of automotive upholstery, shoes, clothing, furniture, and other accessories. The following official 
methods were used: tensile strength, percentage elongation, tear strength, and tear strength double hole. To obtain reference 
values for the classification models, we used 314 samples of cattle leather tanned with chromium, 201 of finished leather and 
113 of semi-finished ones. All samples were previously conditioned for 48 h at 23 ± 2 °C and relative humidity of 50 ± 5%. 
The standard procedure for testing the leather quality was divided in longitudinal (L) and transversal (T) directions. 
Samples from L and T directions were obtained parallel to the cranial-caudal axis of the animal, according to ABNT NBR 
ISO 2418:2015. With a hydraulic press, 3 samples in the L and 3 in the T directions of each sample were collected, and the 
thicknesses of the test specimens were measured. A dynamometer was used to carry out the determination of the evaluated 
physical and mechanical tests, and the average values between L and T were used as reference values. The near infrared 
spectrums were obtained in an NIRFlex N-550 Solids (BUCHI, Flawil, Switzerland) with resolution 4 cm
-1
, 32 scans and 
spectral region from 4000 to 10000 cm
-1
. To construct the classification models we applied the K-nearest neighbor (KNN), 
the soft independent modeling of class analogy (SIMCA), and the partial least squares – discriminant analysis (PLS-DA). 
Two classes were considered to evaluate the models: tensile strength class 1: 10.00-24.08 and class 2: 24.13-43.75 N mm
-2
; 
percentage elongation class 1: 46.41-77.90 and Class 2: 78.10-116.92 %; tear strength class 1: 62.41-108.19 and class 2: 
108.20-262.39 N mm
-1
; and strength tear double hole class 1: 62.67-99.83 and class 2: 100.17-274.17 N. The calculated 
calibration and validation models have satisfactory results, with prediction percentages ranging from 87% to 100%. 
Otherwise, tensile strength ranged from 52 to 81%. We divided the dataset into calibration and validation and calculated 
their accuracy, sensitivity, and specificity. All figures of merits for tensile strength were relatively low, from 52% to 66% 
(KNN), from 61% to 74% (SIMCA) and from 64% to 71% (PLS-DA). Otherwise, for percentage elongation, tear strength 
and strength double holes the lowest percentage of validation model was 92% (KNN), and the highest one was 100% (PLS-
DA). The models generate concordant predicted results with the reference values. The abilities of the models were similar, 
showing that it can be used to predict the cattle leather quality. However, to improve the tensile strength hit rate model, the 
inclusion of more variable samples is required.  
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ABSTRACT: The technique of volatile species generation has recently seen renewed interest due to the development of new 
generation approaches. The main advantage of this technique is the separation of the analyte from the sample matrix and the 
subsequent possibility to decrease spectral interference and improve the limits of detection in comparison with the direct 
analysis of liquid samples using atomic spectrometric methods. Photochemical vapour generation offers the further ad-
vantage of pre-reduction of elements from the 16
th
 group of the periodic table. Te was selected as model for less stable vola-
tile compounds from the above mentioned group. 
Te volatile species were generated from sodium tellurite and telluric acid using TiO2 assisted UV-photochemical generation 
and they were detected in quartz furnace by AAS. It was found that generation of volatile compound is possible from formic 
and acetic acid using a 20W germicidal lamp. The results are compared to TiO2 assisted UV-photochemical generation of 
Se (IV) and Se (VI). Sources of different behaviour of Te (IV) and Te (VI) with regard to reaction time are described and 
discussed. The volatile compound was indeed found less stable than Se species generated at similar conditions and prone to 
decomposition at laboratory temperature. Decrease of temperature at the outflow from the UV-photochemical reactor was 
sufficient for the deposition of fine coating of reduced Te on the transport tubing. The problems with reduced stability of Te 
volatile compound should be addressed. Volatile compound derived from Te (IV) was also generated without the use of pho-
tocatalyst and the attained results are discussed too.  
ACKNOWLEDGEMENTS: The research was financed by the Grant Agency of the Charles University (Project GA UK No.: 
286216). This work was also supported by project ITMS 26210120024 "Renewal and development of infrastructure for eco-
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ABSTRACT: Analysis of concrete is one of the auspiciously developing industrial applications of Laser Induced Breakdown 
Spectroscopy (LIBS). Knowing the content of chlorine, fluorine and sulfur can be decisive on the current state and security of 
a particular concrete construction. The sulfur amount in the used cement as a binder of gravel stones in a concrete can in-
fluence its solidness. Determination of sulfur in several samples of concrete samples from traffic constructions is the subject 
of this work. Such task, however, requires more than basic LIBS equipment. Similar to other non-metals, sulfur excitation 
energies are high and most sensitive emission lines fall to the vacuum ultraviolet range and several much less sensitive lines 
can be found in visible and lines with higher intensity in near-infrared (NIR) region. To ever visualize the sulfur NIR lines it 
is often necessary to remove oxygen from the sample neighborhood and to enhance them, helium atmosphere is necessary as 
well as its pressure should be lowered and further optimized. Owing to the stronger plasma expansion and faster decay of 
hard lines also the gate delay should be optimized and shifted down to several hundreds of ns. These measurement condi-
tions and parameters and moreover some interference on the emission line S I 921.28 nm were investigated and optimized. 
The best conditions for maximum lines intensities may not be sometimes applicable due to a parallel increase of an adjacent 
interfering line. The used LIBS equipment is a SciTrace (AtomTrace) instrument consisting of a 532 nm Q-switched Nd:YAG 
laser vertically ablating a sample and producing craters of about 0.23 mm in diameter at the pulse energy of 100 mJ. The 
improvement in detected intensity was investigated in helium atmosphere under various underpressures in a sealed LIBS 
interaction chamber (AtomTrace). The average content of sulphur was about 0.1-0.3 wt. % by a reference standard proce-
dure employing gravimetry and Inductively Coupled Plasma Mass Spectrometry (ICP-MS). As the LIBS analysis is a spatial-
ly resolved method, several spots on the stones without measurable sulfur content were found while the others, in the cement 
binder, indicate sulfur presence. The obtained sulfur amount from the particular ablation spots is not directly comparable 
with ICP-MS but a representative average must be taken into account. Simple method using a synthetic limestone enriched 
by defined amounts of Na2SO4·10H2O was used for achieving the calibration dependence for studied element. This powder 
material was pressed into pellets and different matrix responses were corrected using selected spectral lines as internal 
standards.  
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ABSTRACT: Thallium bromide (TlBr) compound semiconductor crystal is known as a state-of-the-art high energy gamma-
ray detector material due to their high atomic numbers (Tl: 81 and Br: 35), high density (7.56 g/cm
3
) and high charge 
transport properties (electrons: ~10
-3
 cm/V and holes: ~10
-4
 cm/V). The filter method has been studied as one of the promis-
ing purification methods, which can obtain TlBr with moderate purity from a low purity TlBr material more readily and rap-
idly. In this study, ceramic instruments were used to trap impurities in a starting TlBr powder and TlBr crystals were grown 
from the purified material. Gamma-ray spectral responses and electronic characteristics such as current-voltage curves and 
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ABSTRACT: The surface modification of polypropylene spheres (PPs) with different functional groups was carried out by 
photografting polymerization. By this method, polar functional groups were immobilized onto PPs surface with the aim to 
change the surface polarity and possibly the affinity with other polar substances. Different vinyl monomers bearing polar 
groups were chosen on the basis of their possible interactions with potentially dangerous metals and dyes that can be present 
in wastewaters. The modified resins were characterized by ATR-FTIR analysis to confirm the presence of functional groups 
onto PPs surface, whereas the amount of immobilized functionalities was determined gravimetrically. The so obtained resins 
were then used in the wastewater treatment for the removal of metals. In particular, tests were carried out by suspending the 
resins in aqueous solution of copper, cadmium, lead, zinc and mercury at two pHs (2 and 5.5). The obtained resins were also 
tested in the removal of other potentially dangerous species like dyes and iodine. Indeed, in agreement with the known ability 
of poly(acrylic acid) to retain some dyes, resins modified with acrylic acid (AA) and with 2-acrylamido-2-methylpropane 
sulfonic acid (AMPS) were tested in the removal of crystal violet (CV) from water. CV is a triarylmethane dye used as a his-
tological stain and in Gram's method of classifying bacteria, but it was also reported to be dangerous to human health. 
Whereas resins modified with N-vinylpyrrolidone (NVP) were used to remove iodine from water solutions. Also in this case, 
the reactivity of poly(NVP) with iodine that gives the “iodopovidone” (an antiseptic used for skin disinfection) was exploited 
to remove iodine from water solutions. In particular, resins bearing different functional groups were suspended in water 
solutions containing different metal ions, dye or iodine. The amount of the metals in solutions before and after the contact 
with the modified resins was determined by using an Inductively Coupled Plasma Mass Spectrometry (ICP-MS) that is a 
mass spectrometer generally used for elemental determinations and can detect metals and several non-metals at concentra-
tions as low as one part in 10
9
 (µg/Kg). The ions of the elements formed by ionization with ICP were separated and quanti-
fied by a coupled mass spectrometer. UV-Vis spectroscopy was instead used to evaluate the amount of CV or iodine removed 
by PP_AA, PP_AMPS or PP_NVP. The data so far obtained evidenced that the ability to retain metals depends on the type 
of functional groups bonded onto the PPs surface and on the pH of the metal solutions. Interestingly, an almost quantitative 
removal of mercury was observed by using PPs resin functionalized with 2-(dimethylamino)ethyl methacrylate (DMA) at pH 
2. Whereas about 80% of copper and cadmium were retained by PPs modified with AA. The modification of the resins and 
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ABSTRACT:	 Coastal marine ecosystems in many parts of the world are under unrelenting stress caused by urban 
development, pollutants and other ecological impacts. Trace elements (TE) originating from both natural and contaminated 
sources, enter marine ecosystems through different sources. The need of monitor the TE levels and their environmental 
impact is constantly increasing. Considering that seawater analysis presents relevant analytical problems (due to the saline 
matrix, interferences and low TE contents) and that sediments are not always available, especially in rocky shores, recent 
studies have been focused on TE measurements in living organisms. Sponges are convenient bio-monitors since they are 
sessile filters feeders, available in many coastal areas and they have already shown a great ability of TE accumulation. In 
this work, four different Mediterranean sponge species were studied and their intra and inter-specie variation were 
evaluated with regards to trace elements accumulation and bio-transformation. Four species were selected because of their 
wide distribution in the western Mediterranean Sea but also for the differences in morphologic characteristics which could 
reflect differences in trace elements accumulation. At least three specimens of each specie were collected by scuba diving 
during two sampling campaigns, in February and September 2016, in order to evaluate possible seasonal variations. Trace 
elements (V, Mn, Co, Ni, Cu, Zn, As, Sr, Mo, Ag, Cd, Ba, Pb, U) were determined by ICP (Q) MS after acid digestions 
assisted by microwaves. Hg content was measured directly on solid samples by AMA (Advanced Mercury Analyzer). Pb 
isotope ratios, used as analytical tool for tracing global and local pollution sources, were measured by HR-ICP-MS. Since 
sponges have already shown the capability of transforming some elements during their metabolic processes, a methodology 
for Arsenic speciation by HPLC-ICP-MS was also developed. The development of speciation method included optimization 
of several analytical steps, as chemical extraction, HPLC elution gradient and mobile phase composition among others. 
Quality control procedures were assured by regular use of different Certified Reference Materials. Bioaccumulation 
Factors (BAF) calculated referring both, to concentration normally found in seawater and contents measured in sediment 
samples collected in the same area, changed drastically depending on the element and on sponge specie, reaching values in 
the range of 50k-5M. This study represents the first complete work on trace elements accumulation, As speciation and Pb 
isotope ratios in Mediterranean sponges. Results have shown that bioaccumulation processes can vary depending on 
morphological features as well as on type of studied metal. Our results highlight the great capabilities of sponges as 
biomonitors of TE pollution and could be successfully employed in a “sponge watch program” alternative to the more 
common “mussel watch program”.  
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ABSTRACT: Laser-induced breakdown spectroscopy (LIBS) is a promising method for rapid identification and                 
discrimination of materials by using advanced computerized chemometric techniques. All spectra of polymers have C, H, N 
and O atomic lines, CN and C2 molecular bands in atmospheric environment. The metallic elements such as Al, Ca, Mg, Na, 
K and Ti are used in polymers to reduce production cost or improve physical and mechanical properties. Spectral similarity 
of the composition of the material that share same elemental composition is the major problem of classification by LIBS. 
Therefore, LIBS spectra combined with multivariate data analysis methods to classify the samples. Discrimination of   
polymers is an important for recycling of plastics waste to prevent serious environmental challenges. In this study,   
classification of the polymers ( PET, PMMA, PP, PS, PVC) were performed by using LIBS and chemometric techniques such 
as PCA and PLS-DA for recycling purposes.   
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ABSTRACT: Element images of metallic and dielectric layers on metal substrates are recorded by a raster-scanning optical 
emission spectroscopy (OES) and hyperspectral imaging. Plasma is induced on the sample surface by Nd:YAG (532 nm, 
1064 nm) laser ablation and is cross-excited by electric spark discharge (U = -2.5 kV). Emission spectra are recorded using 
a compact grating spectrometer with CCD line detector. We investigate the dependence of emission line intensities on the 
laser energy (E) and spot diameter (d) and on the parameters of the electric discharge circuit. Furthermore, we apply this 
OES method to the 2D element imaging of patterned samples like Cu thin films on Al, photoresist layers on Si, and human 
fingerprints and electrically insulating inorganic layers on Al. The electric spark is guided to the laser-induced plasma (LIP) 
and without laser ablation the spark is suppressed (Figure). The laser pulse energy required to induce and cross-excite an 
analytical plasma is low (E ≤ 1 mJ, d ≈ 100 µm). The optical emission of such plasma is intense and the plasma persistence 
time is several tens of microseconds depending on the electric circuitry. Without spark discharge the plasma emission is very 
faint and it vanishes within few microseconds. For the combined plasma the measured emission line intensity of major ele-
ments correlates with the thickness of the sample layer. The intensity of minor elements in the underlying metal substrates 
correlates with their concentration. The achievable spatial resolution of spectrochemical images depends on the size of the 
laser spot and of the sparked area (>60 µm). The chemical contrast of element images is higher with the cross-excited plas-
ma (E ≈ 1 mJ) than with the laser-induced plasma at higher energy (E ≈ 10 mJ).  
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ABSTRACT: Photovoltaic solar cell performance strongly depends on parameters such as layer thicknesses, dopant element 
concentrations, presence of impurities and diffusion processes. Reliable solid-state spectrometric techniques, such as pulsed 
glow discharge (PGD) sources coupled to mass spectrometry (MS), provide a powerful tool for depth profiling analysis of 
conducting and non-conducting materials with high depth resolution. In general, next generation thin film solar cells 
(TFSCs) have lower material usage, energy payback times and potentially lower production costs compared to traditional 
crystalline silicon solar cells. However, they possess drawbacks including lower efficiency and worse stability to light out-
door stress factors. PGD-MS was applied to the depth profile characterization of different type of thin film solar cells, in-
cluding hydrogenated amorphous silicon (a-Si:H), tandem-junctions solar cells, and perovskite solar cells. Fast and sensi-
tive qualitative and quantitative (a-Si:H solar cells) determination of matrix and dopant elements in different types of solar 
cells have been successfully performed by PGD-MS. Elemental diffusion processes between the coating layers were iden-
tified for a-Si:H and tandem-junctions solar cells. Concerning perovskite and tandem-junction solar cells, different synthesis 
processes were evaluated and variation in the distribution of dopant elements was found as a result of different sample prep-
aration steps. Therefore, this depth profile procedure can be used as an analytical tool to provide feedback to manufacturers 
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ABSTRACT: The red dyes were commonly used as artists’ materials since ancient times. They are organic substances based 
on the anthraquinonic structure and can be achieved from insects, such as cochineal (carminic acid), kermes (kermesic acid) 
or can be extracted from plants, such as madder  (mainly composed by alizarin). To use them in paintings, the dyes were 
mixed with an insoluble substrate such as aluminium hydrated, calcium carbonate or calcium sulphate; the name “lake” is 
referred to this latter procedure. 
In this work fifteen alizarin-based lakes, produced by Kremer-Pigmente and Zecchi, have been studied in order to investigate 
their optical and chemical features by means of Energy Dispersive X-ray Fluorescence (EDXRF), Attenuated Total Reflec-
tance Fourier-Transform Infrared Spectroscopy (ATR-FTIR), X-ray Powder Diffraction (XRD), Liquid Chromatography 
coupled with a Photodiode Array (LC-PDA), UV fluorescence and reflectance spectroscopies.  
Almost all the lakes show alizarin as main organic compounds, one of them (23610-Kremer) presents only this antraqui-
nonic, indicating a synthetic dye. Lucidin primeveroside and ruberythrique acid are detected in some lakes suggesting the 
use of “Rubia tinctorum”. Most of the samples contain typical compounds present in the natural roots of madder but in two 
lakes (23600-Kremer and alizarin crimson-Zecchi) any anthraquinonic compounds were detected, thus they are probably 
synthetic dyes, as 23610 (Kremer). 
Furthermore several inorganic substrates, probably added during the manufacturing process, were detected.   
From the results obtained by UV fluorescence spectroscopy it is possible to conclude that, although it is commonly assumed 
that the madder lake presents an orange-pink fluorescence, the inorganic compounds induce a quenching phenomenon or an 
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ABSTRACT: For the past decade, the use of thin films (50 nm – 1,5 µm) in industry is on the rise. In many industrial sectors 
it is necessary to use thin films to improve the properties of materials and the development of new components dependent on 
precisely manufactured homogeneous thin films. Real time and in-situ quality control is therefore of key importance. As we 
have also proved, Laser-Induced Breakdown Spectroscopy (LIBS) technique enables to assess the elemental distribution in 
surface coating. In LIBS depth profile analysis, layers of material are ablated individually with high depth resolution (~100 
nm) and thickness of the coating can be estimated. The main goal of this work was to achieve the best depth resolution possi-
ble on the Sci-Trace instrument. Those research efforts were undertaken in order to employ LIBS technology in the analysis 
of thin films, where the thickness is typically under one micron. The optimization process was focused namely on depth reso-
lution and stability (repeatability and reproducibility). The optical profilometer was used in order to study the crater mor-
phology. 
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ABSTRACT: Among the available surface functionalization methods performed in the wet state, only very few allow for the 
formation of a functional and uniform coating on a large variety of substrates in a single step. Among these, the deposition of 
polydopamine films from a basic solution of dopamine has emerged as a simple and effective way to form multifunctional 
polymer coatings on virtually any substrates
1
. Inspired by the composition of adhesive proteins in mussels, dopamine self-
polymerization has been used to form thin, surface-adherent polydopamine films onto a wide range of organic and inorganic 
materials, including noble metals, oxides, polymers, semiconductors and ceramics. Although polydopamine deposition 
mechanism as well as its chemical composition are not precisely known, cathecol and quinone functional groups are be-
lieved to be present in the polydopamine coating, the latter of which are capable of covalent coupling to nucleophiles.  The 
reactivity of polydopamine films towards amine and thiol groups has been ascribed to reactions between nucleophiles and 
polydopamine surface and has been exploited to covalently immobilize biomolecules onto its surfaces
2,3
.  
In the present study, polydopamine films have been deposited on gold surfaces from stirred basic solutions (pH 8.5) by au-
toxidation of dopamine at different time intervals (namely, 1, 3, 5, 8, 18, and 24 hours). On the basis of the reported effect of 
oxygen in increasing the reaction kinetics of alkaline dopamine oxidation
4
, polydopamine deposition has been performed in 
the same conditions under a pure oxygen environment. Moreover, for a comparison, polydopamine coatings have been pre-
pared also by exploiting chemical dopamine oxidation in the presence of a strong oxidizing agent for the same time intervals 
and electrochemical oxidation by cyclic voltammetry. As prepared samples have been investigated by X-Ray Photoelectron 
Spectroscopy (XPS) with the aim to identify chemical functionalities and to estimate film thickness as a function of deposition 
time, under each tested conditions. Comparison of XPS data about elemental composition, distribution of functional groups 
and thickness of polydopamine coatings provided valuable information for identifying more suitable polydopamine coatings 
for biomolecules anchoring, thus further advancing the use of polydopamine as a modification layer for several applications. 
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ABSTRACT: Surface chemistry of atmospheric particulate matter (PM) has an important role in its environmental impact as 
it influences its toxicity at a large extent and some fundamental environmental process as radiation reflectivity, polar ozone 
depletion [1], etc.. XPS is a powerful technique in chemical characterization of solid surfaces as it produces elemental and 
speciation information, it does not generally require sample pretreatment  and very low or no sample damage is observed. 
The high XPS LODs are somewhat compensated by the ability to detect trace chemical species concentrated at PM surface. 
XPS has been applied to atmospheric particulate matter (PM) soon after its invention [2] and interesting pieces of infor-
mation have been obtained (see e.g. quite recently refs 3 and 4). Even so, its application is not mature, probably because 
accurate studies of correlation with results obtained by other more conventional spectroscopic and chromatographic tech-
niques are necessary. 
In this work, XPS results produced on PM collected in urban atmospheres and those of ion chromatography on water soluble 
fraction from the same samples are compared. Interesting correlations between results of the two techniques are evidenced.  
[1] GHOSAL, S., SHBEEB, A. & HEMMINGER, J.C. 2000. Surface segregation of bromine in bromide doped NaCl: impli-
cations for the seasonal variations in Arctic ozone. Geophysical Research Letters, 27, 1879–1882 [2] ARAKTINGI, Y.E., 
BHACCA, N.S., ROBINSON, J.W. & PROCTOR, W.G. 1971. Analysis of airborne particulates by electron spectroscopy for 
chemical analysis (ESCA). Spectroscopy Letters, 4, 365–376. [3] González, L.T. et al. 2016, Chemical and morphological 
characterization of TSP and PM2.5 by SEM-EDS, XPS and XRD collected in the metropolitan area of Monterrey, Mexico. 
Atmospheric Environment, 143, 249-260 [4] Bozzetti, C. et al. 2016, Size-Resolved Identification, Characterization, and 
Quantification of Primary Biological Organic Aerosol at a European Rural Site. Environmental Science and Technology, 50 
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ABSTRACT: To ensure the quality of their products, manufacturers of nuclear materials currently rely on wet chemistry 
methods coupled with ICP-MS and ICP-AES. These methods are slow and sometimes hard to implement, which leads the 
manufacturers to seek new possibilities of online, fast and direct preliminary quality control. Thus, the issue of quantifying 
metal impurities in both uranium and plutonium matrices by LIBS has been raised. As this problem is rarely addressed in 
LIBS, an innovative approach has been carried out, based on two main aspects. First, Vacuum Ultra-Violet (VUV) has been 
chosen as the spectral region of interest, which corresponds to wavelengths between 90 and 200nm. This choice is based on 
previous works in Glow Discharge Optical Emission Spectrometry
1
 which may also be suitable in LIBS and showed that 
uranium and plutonium display fewer emission lines in the VUV and less background signal than in the UV-visible range, 
which is more favorable from an analytical point of view. Secondly, the lack of calibrated samples and the harsh security 
constraints hinder any possibility of complete analytical development on these materials. Therefore, the proposed method 
relies on calibration transfers from several non-nuclear metal matrices to uranium and plutonium matrices. Calibration 
transfers are widely studied and used in various spectrometry methods in order to overcome slope differences that appear in 
calibration lines between different measuring tools
2
, different elements or matrices. Here, the latter case will be studied: for 
each analyte, by measuring experimental data such as ablated mass and electron temperature (Te) and electronic density 
(Ne) of the plasma, normalizations of the LIBS signal of one line will be advanced to try to correct the slopes of the calibra-
tion curves and, ideally, end up with only one normalized calibration curve for all matrices. This uniformed calibration will 
then be used to quantify impurities in uranium and plutonium without having to make a full calibration on those matrices. 
Moreover, the above-mentioned experimental data will be empirically connected to the physical properties of the matrices, 
such as thermal diffusivity, boiling point etc… so that Te and Ne may be predicted in the nuclear matrices, where they may 
be harder to measure experimentally. Such an empirical model concerning the ablated mass has already been set up in a 
previous work
3
. This innovative approach aims to make the calibration transfer applicable for a wide range of metallic ma-
trices while requiring minimal experimental measurements. Eventually, this work aspires for a better understanding of ma-
trix effects, a major scientific issue in LIBS. This poster will describe the methodology that has been established and present 




   Lavoine et al., Optical interfaces in GD-OES system for vacuum far ultraviolet detection, Journal of Analytical Atomic 
Spectrometry 18, no. 6 (2003): 572–75. doi:10.1039/B301235M. 
2
     Fearn, Tom. “REVIEW: Standardisation and Calibration Transfer for near Infrared Instruments: A Review.” Journal of 
Near Infrared Spectroscopy 9, no. 4 (November 7, 2001): 229–44. doi:10.1255/jnirs.309.   
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ABSTRACT: In this paper, an analysis method for simultaneous determination of ten elements Ag, Ca, Ce, Cu, Fe, La, Mg, 
Mn, Na and Zn in doped Sr(NO3)2 crystals using ICP−AES was reported. The method of matrix matching and background 
correction was used to correct the matrix interference and spectral interference. The detection limits of the measured ele-
ments are 0.1-16 µg/L, the recovery of synthetic samples are 90%−116%,  and  the relative standard deviation was less than 
13% . This method is simple, rapid and accurate, and has been applied successfully to the analysis of sample with satisfacto-
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ABSTRACT: The analysis of glass samples is essential in various industries, since the elemental composition affects several 
physical properties (such as heat resistance or transparency) and consequently the quality. LIBS is an excellent technique for 
glass characterization, thanks to the capability of performing fast analysis without any sample preparation. Moreover, the 
glass matrix is also the basis of the vitrification process, that is the main technology for the stabilization and long-term stor-
age of radioactive wastes. From this point of view, the possibility to operate in remote (such as with fiber-optic probe), 
joined to its essential immunity to the effects of ionizing radiation, makes LIBS a perfect choice for the monitoring activities 
in the nuclear area (not only the above-mentioned vitrified wastes but also monitoring inside plants under decommissioning). 
In this study, we report the analysis of glass samples for the evaluation of 
LIBS performances on such type of materials. The analyses were planned 
and performed taking in account both the non-nuclear and nuclear ap-
plications. In fact, five types of glass samples whose composition includ-
ed also nuclear-related elements (or elements with similar behavior) 
were produced in our laboratory and analyzed. The samples, therefore, 
had the characteristics of “simulated vitrified nuclear wastes”, since 
cerium was used as a non-radioactive surrogate for uranium and pluto-
nium. Our RI (Radioactive Isotope) research unit supervised the produc-
tion of the samples, in order to develop a glass matrix as much similar as 
possible to real vitrified nuclear wastes. The samples included various 
amounts of Mo, Sr, Ce (as representative of elements related to nuclear 
wastes) inside a glass matrix (mainly made by Si and with Na, Ca, Mg, 
Al, Li and B). The amounts of the various elements were arranged in 
order to obtain an increasing trend similar to a calibration curve. This 
was important in order to check the LIBS performances on a wide range 
of concentrations and the linearity of the data measured. 
The glass samples composition, and the confirmation of their successful 
production according to the defined concentrations, was determined by 
XRF analysis. Then, LIBS measurements were executed, by means of a 
commercial instrument (Applied Photonics LIBSCAN100) and using the 
silicon signal as internal standard to correct the instrumental drift. 
Moreover, as additional validation of the LIBS results, glass-matrix matching certified reference materials (NIST 610-612-
614) were analyzed. 
The results showed excellent performances of the LIBS technique on the glass matrix, with a very good signal-concentration 
correlation (R2>0.9) for all the studied elements, even for the ones in low concentrations related to the monitoring activities 
in the nuclear industry. Therefore, the LIBS measurements showed a good agreement with those by XRF. Furthermore, the 
analysis of the NIST samples confirmed the reliability of the results and the good quality of the glass samples we made. 
The availability of matrix matching materials with known concentration is the main factor in order to perform quantitative 
analysis, but the lack of solid calibration standards is still the main limitation of LIBS. However, thanks to the results ob-
tained, our samples can be used as calibration material/reference material for fast quantitative LIBS analysis of glass mate-
rials. 
Composition (as oxides, wt%)  
of the five simulated vitrified nuclear wastes 
Element S-1 S-2 S-3 S-4 S-5 
SiO2 38.425 53.446 65.878 69.191 73.115 
Na2O 10 12.5 15 17.5 20 
CaO 15 12.5 10 7.5 3.5 
MgO 5 4 3 2 1 
Al2O3 10 3.5 2 1 0.5 
Li2O 10 5 0 0 0 
B2O3 10 7.5 2 0.5 0 
SrO 0.3 0.4 0.5 0.2 0.25 
MoO3 0.4 0.024 0.012 1.3 0.8 
CeO2 0.45 0.3 0.25 0.5 0.475 
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ABSTRACT: Coordination polymers facilitated by argentophilic interactions possess unique structure features and cause 
amusing photo-chemical and physical properties, widely applied as well. Here, we report that in the Ag+ coordination pol-
ymers of a chiral thiol ligand containing an AIE fluorophore, tetraphenylethene (TPE), the TPE chromophores experience 
an H-type aggregation, yet a substantial enhancement of the fluorescence was observed, despite to a less extent than that in 
the aggregates of the thiol ligand itself which are of J-type. We show that this is not due to the difference in the freedom of 
the rotation of fluorophores in the two types of aggregates, but to a less extent of increase in the radiation rate constant in 
the coordination polymers while the much higher radiationless rate constant remaining more or less unchanged. Our find-
ings here would be of significance for a comprehensive mechanistic understanding of the AIE and more importantly, for de-
signing new AIEgens in particular in the context of induced assemblies, that for example to improve the fluorescence en-
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ABSTRACT: Sometimes, due to high detection limit of measurement techniques (e.g. electrochemical, nuclear magnetic 
resonance, NMR) or limited availability to required equipment (e.g. X-ray absorption near edge structure, XANES), the 
direct speciation analysis is inaccessible. In such cases hyphenated techniques allowing the separation of different species 
and selective determination at ultra-trace level are required. Here, popular separation techniques, like high pressure liquid 
chromatography (HPLC) and capillary electrophoresis (CE) are usually connected with atomic spectrometry techniques 
inductively coupled plasma mass spectrometry (ICP MS) and the analysis is preceded by sample fractionation with the use 
of extraction methods. In detailed speciation analysis, when species should be identified and determined by 2-dimesional 
analysis two different separation techniques (size exclusion chromatography and CE) and often two detectors: UV and ICP 
MS are required. Such complicated systems are used especially when biological samples (e.g. tissues or serum) are 
investigated. Hovewer, for water samples, when limited number of species is determined, sample matrix is simple, and 
analytes are in relatively high concentration, also simply methods can be proposed.  
Herein, a simply and relatively cheap system for manganese speciation analysis is presented. The idea of this analysis was 
to determine both cationic and anionic forms of manganese together, after their separation on different sorbents by solid 
phase extraction, SPE. To improve the precision of the proposed method, a time-consuming and laborious separation step 
was realized in multicommutation flow system. What is more, a detailed evaluation of preconcentration conditions: a type 
and concentration of an eluent, pH of a sample, a loading time and method resistance to interference effects, was 
performed. Additionally, the results of manganese speciation in water samples obtained by the proposed method are 
compared with those obtained  using ion pair chromatography high performance liquid chromatography coupled with ICP 
MS. 
 
Acknowledgment: The research was partially financed by the National Science Centre, Poland, project no. 
2013/11/D/ST4/02839.   
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ABSTRACT: Lipstick is a very commonly used cosmetic product to change their natural colours of lips or just to moisturize 
them. There are 4 basic ingredients of lipsticks, wax, oil, alcohol and pigments. In order to add extra properties like glossi-
ness and giving extra volume to lips, there are some other additions to ingredients. Mineral content of lipstick is mostly orig-
inated from colour pigments. Although metal content varied widely from brand to brand, it is found that women who apply 
lipstick two or three times daily can ingest a significant amount of aluminum, cadmium, chromium and manganese. Depend-
ing on the lipstick, in some cases women were meeting or surpassing the daily recommended exposure. 
Cadmium is one of the most toxic elements in the world. It has no use to the body and is toxic even at low levels. The nega-
tive effects of cadmium on the body are numerous and can impact nearly all systems in the body, including cardiovascular, 
reproductive, the kidneys, eyes, and even the brain.  
In this study, a practical method was proposed for the determination of Cd in different lipstick samples by solid sampling 
high-resolution continuum source graphite furnace atomic absorption spectrometry (HR- CS GFAAS). At first graphite fur-
nace program is optimized for this highly complex matrix and 900°C for pyrolysis, 2300°C for atomization is selected with 
3000°s-1 heating ramp. In this study, it is proved that without very fast heating ramp, there is no atomization can be seen. 
Different modifiers were also tried and found no improvement. It is thought that since the sample is high oil content, modifi-
ers do not penetrate inside the sample and show no effect. For calibration, Pd is used as a modifier to apply the same pyroly-
sis temperature as that of samples. After optimization of graphite furnace program, sample mass introduced to the furnace 
was optimized and the most appropriate sample amounts were 0.10-0.20 mg. In order to investigate homogeneity in the sam-
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ABSTRACT: The molecular and atomic optical emission of laser-induced plasma on tyre rubber material is measured and 
the concentration of relevant analyte elements is quantified. The non-vulcanized rubber material is soft and it contains natu-
ral and synthetic caoutchouc and various other constituents (e.g., oil, soot) which makes LIBS analysis challenging. Sulphur 
and zinc oxide are added for vulcanization of the tyre material. The laser-induced breakdown spectroscopy (LIBS) measure-
ments are performed in air using single pulses of a Nd:YAG laser (λ = 532 nm, rep. rate 15 Hz) for excitation and a compact 
spectrometer with a CCD detector for time-resolved detection. For long integration times (≥ 20 µs) the LIBS spectra reveal 
intense molecular emission bands that mask the atomic emission lines of the analyte S in the near IR range. The NIR emis-
sion bands are due to CN molecules formed in the laser-induced plasma as confirmed by numerical simulations and by 
measurements in helium gas background [1]. However, measurements with helium gas flush or in vacuum [2] are not feasi-
ble in industrial production. For measurements in air we optimize the detector delay time and gate width which enables us to 
discriminate molecular and atomic emissions and to detect the S I emission lines around 920 nm with good sig-
nal/background ratio. The UV lines of Zn are not overlapped with other spectral features and can be easily measured in air. 
Calibration curves for Zn (213.9 nm) and for S (921.3 nm) are established. A rugged LIBS set-up for in-line measurements of 
tyre rubber in the industrial production is developed and the results of our tests will be presented. 
[1] S. Trautner et al., Laser-induced optical breakdown spectroscopy of polymer materials based on evaluation of molecular 
emission bands. Spectrochim. Acta Part A 174 (2017) 331-338.  
[2] C.J. Lorenzen et al., Applications of laser-induced emission spectral analysis for industrial process and quality control, 
J. Anal. At. Spectrom. 7 (1992) 1029-1035.  
Acknowledgements: Financial support by the Austrian Research Promotion Agency FFG (imPACts Project 843546) is grate-
fully acknowledged. 
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ABSTRACT: We extend the recent investigation of raw echellograms in Laser-Induced Breakdown Spectroscopy (LIBS) by 
utilization of phase correlation method, based on Fourier transform. Method, which is widely used in image registration, 
allows us to align echellograms with sub-pixel precision and enables estimation of changes in peak positions on detector 
image (i.e. echellogram). 
Due to experimental conditions and instrumental setup, for example spectrometer temperature, position of peaks on echello- 
gram (same as spectral lines) may vary. This behavior could be problematic in automatized approaches allocating each 
spectral line to database standard. Another issue is the influence of these fluctuations on experimental results and yielded 
statistics. Thus, image registration provides us means to mitigate or overcome these problems. 
We indicate an improvement in analytical results of LIBS experiment, as limits of detection and relative standard deviation, 
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High-resolution continuum source graphite furnace molecular ab-
sorption spectrometry as an alternative to GC-MS for the direct de-
termination of chlorinated persistent organic pollutants in fish oil 
Bernhard Welz*A,B, Éderson R. PereiraA, Josias MeribA, Heloisa R. CadorimA, Mauana SchneiderA, Ga-
briel S. CarvalhoC, Fabio A. DuarteC, Javier del Campo MenoyoD, Joerg FeldmannE 
ADepartamento de Química, Universidade Federal de Santa Catarina, Campus Trindade, 88040-900 Florianópolis 
- SC, Brazil; BInstituto Nacional de Ciência e Tecnologia do CNPq – INCT de Energia e Ambiente, Universidade 
Federal da Bahia, Campus Ondina, Salvador – BA, Brazil; CDepartamento de Química, Universidade Federal de 
Santa Maria, 97105-900 Santa Maria - RS, Brazil; DGolden Omega S.A., Av. Comandante San Martin 3460, Lote 
B-2, Arica, Chile; ETrace Element Speciation Laboratory (TESLA), Department of Chemistry, University of Ab-
erdeen, Scotland, UK 
* w.bernardo@terra.com.br
ABSTRACT: In the aquatic environment, persistent organic pollutants (POPs), mainly organochlorine pesticides and poly-
chlorinated biphenyls, can accumulate in fish lipoid tissues due to their high hydrophobicity, and become this way one of the 
main sources of human exposure to POPs through the consumption of fish meat and oil as Omega-3 source. The occurrence 
of (POPs), was directly associated with several diseases and environmental endocrine disrupting. Chlorine might serve as a 
proxy for the presence of POPs, and a fast screening of chlorine in a complex matrix, such as fish oil, could provide substan-
tial information about the contamination with POPs. Therefore, a method has been developed in this work for the determina-
tion of total chlorine in fish oil samples via molecular absorption of the strontium mono-chloride molecule in the gas phase 
using high-resolution continuum source graphite furnace molecular absorption spectrometry. The effect of zirconium as 
permanent chemical modifier in the pyrolysis and vaporization stages was optimized in order to avoid the need for any kind 
of sample preparation prior to the determination of total chlorine, using just a dilution with 1-propanol. The accuracy has 
been evaluated using micro-coulometric titration after sample combustion, and the values were statistically in agreement 
(95% confidence level) between both techniques. The method has been applied for the determination of total chlorine in five 
different fractions of a commercial pooled marine fish oil sample collected from the Pacific Ocean, where the majority of the 
fish is Peruvian anchovy (Engraulis ringens), two commercial oils from Brazil and three Omega-3 supplements acquired in 
Germany. The limit of detection of the procedure is 1.8 ng Cl absolute or 0.9 µg g-1 Cl in the fish oil. The time required for a 
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New vapor generation methods based on plasma chemi-
cal/electrochemical processes  
Zhenli Zhu*, Xing Liu, Dong He, Hongtao Zheng 
State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan, 
China.  
*zlzhu@cug.edu.cn
ABSTRACT: In this study, new high efficiency vapor generation strategy was proposed based on plasma chemi-
cal/electrochemical processes for the elemental by atomic fluorescence spectrometry. In plasma electrochemical approach, a 
solution anode glow discharge glow discharge microplasma was acted as a gaseous cathode to initiate the plasma electro-
chemical vapor generation of Cd and Zn. Cadmium/Zinc ions could be converted into molecular species efficiently at the 
plasma-liquid interface from a supporting electrolyte (HCl, pH=3.2). It was found that the overall efficiency of the plasma 
electrochemical vapor generation (PEVG) system was much higher than the conventional electrochemical hydride genera-
tion (EcHG) and HCl-KBH4 system. With no requirement for other reducing reagents, this new approach enabled us to de-
tect Cd and Zn with detection limits as low as 0.003 µg/ L  for Cd and 0.3 µg/ L  for Zn. Good repeatability (relative standard 
deviation (RSD), n = 5) was 2.4% for Cd (0.1 µg/L) and 1.7% for Zn (10 µg/L) standard. The accuracy of the proposed 
method was successfully validated through analysis of cadmium in reference material of stream sediment (GBW07311), soil 
(GBW07401), rice (GBW10045), and zinc in simulated water sample (GSB 07-1184-2000). Replacing a metal electrode with 
a plasma offers the advantage of eliminating potential interactions between the species in liquid and the electrode, which 
solves the issues associated with electrode encountered in conventional EcHG. The ability to initiate electrochemical vapor 
generation reactions at the plasma-liquid interface opens a new approach for chemical vapor generation based on interac-
tions between plasma gas-phase electrons and solutions. In plasma chemical approach,, a novel vapor generation method 
for lead was developed based on dielectric barrier discharge induced plasma. Under the optimized conditions, the detection 
limit of Pb was found to be 0.003 µg/L; good repeatability (relative standard deviation (RSD) = 1.7%, n = 5) was obtained 
for a 1 µg/L Pb
2+ 
standard. The accuracy of the proposed method is demonstrated by successful analysis of Pb in reference 
material of stream sediment (GBW07311), soil (GBW07403), basalt (BCR-2), and simulated water sample 
(GBW08601)..These study clearly demonstrated that plasma induced chemical/electrochemical processes provides a novel 
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LIBS Analysis of aluminum alloys: An Alternative Approach    
 
Milos Momcilovic, Sanja Zivkovic*, Milan Trtica, Jelena Savovic,  
Institute of Nuclear Sciences Vinca, University of Belgrade, Serbia. 
*sanjaz@vinca.rs
ABSTRACT: Analytical potential of unique laser-induced breakdown spectroscopy (LIBS) system for qualitative and quanti-
tative analysis of aluminum alloy samples in air at atmospheric pressure was demonstrated. The proposed cost effective non-
gated LIBS system uses pulsed nanosecond Transversely Excited Atmospheric Carbon dioxide (TEA CO2) laser as the laser 
light source in conjunction with time-integrated space-resolved (TISR) emission spectroscopy for the acquisition of emission 
spectra. To our best knowledge, the possible use of infrared TEA CO2 laser induced plasma for elemental characterization of 
aluminum alloys was not examined before. Linear calibration curves for Mg, Cr, Cu and Fe were obtained using aluminum 
spectrochemical standards. The limits of detection were in the 2-73 ppm range depending of elements. Inductively Coupled 
Plasma Optical Emission Spectroscopy (ICP-OES) was used as a reference technique to estimate the accuracy of LIBS de-
termination by use of control samples with known compositions. The advantages of the proposed LIBS system are simplifica-




S. Zivkovic, et al. “Elemental analysis of aluminum alloys by Laser Induced Breakdown Spectroscopy based on TEA CO2 
laser”, J Alloy Comp 700 (2017) 175-184. 
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Do 1-aminopyrene, 1-hydroxymetilpyrene, carbendazim and        
carbaryl interact with biosubstrates and micelles? 
Tarita Biver, Stefania Giannarelli*, Francesca Macii  
Dipartimento di Chimica e Chimica Industriale, University of Pisa, Via G. Moruzzi 13 – 56124 – Pisa, Italy.  
*stefania.giannarelli@unipi.it
ABSTRACT: Organic pollutants as polycyclic aromatic hydrocarbons (PAHs) and pesticides are nowadays ubiquitous (Eco-
toxicology, 22, 2013, 240-250). PAHs and pesticides are highly lipophilic and all at least suspected of carcinogenic effects 
(Journal of Enviromental Science and Health, 20, 2002, 149-183; Journal of Toxicology and Environmental Health Part B, 
15, 2012, 238-2632). Information on their toxic activity is often related to in vivo studies, whereas a detailed analysis of the 
mechanistic/chemical aspects of the binding to biosubstrates is sometimes missing.  
To contribute to this field and in the frame of our participation to PNRA (National Antarctic Research Program) we have 
carried out some tests on the binding of two PAHs (1-aminopyrene and 1-hydroxymetilpyrene) and two pesticides (car-
bendazim and carbaryl) to biosubstrates as natural DNA and the protein bovine serum albumin (BSA). The interaction with 
micelles and liposomes was also tested, both as to scale the lipophilicity of these species and to get information of the possi-
ble accumulation on membranes. The results collected show that the high hydrophobicity of these species turns into very 
high affinity for DNA. Absorbance and fluorescence titrations suggest complex binding modes that are discussed in relation 
with the different pollutant/DNA ratio. BSA binding is also found to occur in the case of the two PAHs.  
Ultrafiltration coupled with absorbance spectroscopy enables the percentage of retention (R%) on the micelle/liposome be 
measured. R% dependence on the molecule and on the type of system (sodium dodecyl sulphate anionic micelles, TritonX-
100 neutral micelles, dodecyl trimethyl ammonium chloride positive micelles and 1-palmitoyl-2-oleoyl-sn-glycero-3-
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Detecting products from the electrooxidation of renewable alcohols 
with SNIFTIRS technique 
Marco Bellini, Maria G. Folliero, Jonathan Filippi, Maria V. Pagliaro, Andrea Marchionni*,           
Hamish A. Miller, Francesco Vizza 
Istituto di Chimica dei Composti OrganoMetallici, Consiglio Nazionale delle Ricerche,                                       
via Madonna del Piano 10 – 50019 Sesto Fiorentino (FI), Italy 
*andrea.marchionni@iccom.cnr.it
ABSTRACT: The Subtractively Normalized Interfacial Fourier Transform Infrared Spectra (SNIFTIRS) technique is com-
monly used in electrochemistry to study adsorbed species on the surface of the working electrode or intermediate species 
formed in the thin electrolyte layer. We used SNIFTIRS to study the formation of organic molecules from the electrooxidation 
of renewable alcohols (ethanol, ethylene glycol and glycerol) in alkaline media on different electrocatalysts. The results 
showed a high pH dependence of the selectivity of each electrocatalyst, in particular it was seen that Pd based catalysts be-
come active towards C-C bond cleavage at pHs lower than 12. On the basis of these results, we also propose the reaction 
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ABSTRACT: The exposure and dose of nanoparticle (NP) contaminants to cells in either human or environmental health is a 
subject of great interest and debate. In the medical profession it is important to know how much of a NP containing drug is 
actually entering the target cells, and in the environment it is important to know whether NPs from consumer products are 
affecting the eco system but interacting with algae or bacteria and if these can then be trophically transferred through the 
food chain. It is generally accepted that desirable metrics for measuring exposure and dose in this case would be particles 
per mL (part. / mL) and concentration per cell (conc. / cell) respectively. However because of instrument limitations these 
have both been measured using ionic mass concentration which means there is some vital missing information.  
Here we exposed various strains of freshwater algae to Au NPs and Au ions. We show that single cell ICP-MS (SC-ICP-MS) 
was able to measure the number of NPs in the suspension media (exposure), the number of cells containing metal (% uptake) 
and finally the amount of metal within those cells (dose) in various different species of fresh water algae cell. We show that 
although the exposures are kept constant (ionic concentration of 1 ppb, equating to a NP concentration of around 500,000 
part. / mL the dose and response is highly dependent on the algae strain.  
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ABSTRACT: One of the problems associated directly with environmental protection is the presence of harmful pollutants in 
air. Nitrogen oxides (NOx) have a negative influence on health and human life, and due to the solar radiation react and form 
the so-called photochemical smog. Nitrogen oxides may be present in effluent gases from various sources: automotive, ener-
getics and heavy industry. One of the possible abatement of nitrogen oxides is  the selective catalytic reduction (SCR 
DeNOx). The aim of this paper was to study Cu-MFI and Cu-USY type zeolite as catalysts for selective catalytic reduction of 
NOx. Sonochemical preparation of Cu species on the surface of zeolites may be used for the preparation of catalysts used for 
environmental purposes. Ultrasonic irradiation of aqueous copper nitrate solution causes acoustic cavitation. That leads to 
bubble collapse and formation of intense and short-term local heating and high pressures, which facilitate incorporation of 
Cu species into zeolite structure. MFI and USY zeolites were sonicated in situ at 20
o
C for 20 min in an 0,5 M aqueous solu-
tion of Cu(NO3)3⋅3H2O. Additionally, classical ion-exchanged zeolites were also prepared. Prepared catalyst samples were 
examined by various characterisation methods such as: XRD , BET and AAS method. Sorption and acidic properties of the 
prepared catalysts were determined by in situ IR methods using NH3, CO and NO as a probe molecules. The catalytic activi-
ty of prepared Cu-MFI and Cu-USY was measured in Hidden Analytical Catlab plug-flow reactor equipped with quadrupole 
mass spectrometer. XRD analysis confirmed pure MFI and USY type phase of the studied samples. Acidity measurements 
(NH3-IR, CO-IR) carried out for all studied samples indicated the presence of Brønsted and Lewis acid sites.  In case of USY 
catalysts, higher concentration of the latter type of acid centres was found, which may be explained by higher Cu content in 
this type of zeolite in comparison with MFI. The type of modification of MFI and USY zeolite has small influence on acidity. 
Sonicated zeolites exhibited somewhat higher concentrations of both types of acid sites. 
The Project was financed by the National Science Centre Poland based on the decision No 2015/17/D/ST8/01252 and partly within Na-
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ABSTRACT: It is well known that the characteristics of thin films produced by pulsed laser deposition (PLD) depends on the 
properties of the ablation plume since it provides the material flux for film growth
[1]
. For this reason, there are several 
works of PLD that study the effect of the deposition conditions on the thin films. However, an important number of papers 
report only the laser fluence employed for deposition without specifying the laser beam spot size and beam energy. In partic-
ular, the laser beam spot size affects the dynamics of the plume expansion
[2]
 and the ablation rate
[3]
, therefore this parameter 
can change the characteristics of the deposited film. To investigate this effect, we deposited ZnO thin films by laser ablation 
and employed time-resolved optical emission spectroscopy to study the expansion of the plasma plume produced with vari-
ous spot sizes. All experiments were performed in the presence of O2 gas, using ns laser pulses at a fixed fluence of 2 J/cm
2
. 
The temporal evolution of the electron density and temperature was determined as a function of the distance along the nor-
mal direction to the target surface. The composition, crystalline structure and optical properties of the films were compared 
with the plasma parameters. Our results demonstrate that the composition of the films, the thickness of the films and their 
transparency strongly depend on the spot size of the laser beam even for a fixed laser fluence. 
 [1] D.B. Chrisey and G.K. Hubbler (1994). Pulsed laser deposition of thin films. United States, John Wiley and Sons. 
[2] S.S. Harilal, Influence of the spot size on propagation dynamics of laser-produced tin plasma, J. Appl. Phys. 102, 
123306, 2007. 
[3] M.E Shaheen, J.E. Gagnon, B.J. Fryer, Excimer laser ablation of aluminum: influence of spot size on ablation rate, La-
ser Phys. 26, 116102, 2016. 
 
 




Winetastingtime:18.30(after Poster session I)
We organized, together with Fattoria di Petroio (www.fattoriapetroio.com) a wine
tasting event for all conference participants.
Nested in the heart of Tuscany’s beautiful Chianti hills, just a few miles North of
Siena, lies the Fattoria di Petroio, which produces wine (especially Chianti Classico)
since 1924. Today, the 9 hectares of vineyards, enable Petroio to produce, with
great passion and dedication, a yearly average of 25000 bottles of traditional and
territorial Chianti Classico; 5000 bottles of the harvest’s best juice, the Chianti
Classico Riserva, 5000 bottles of fresh, readily drinkable IGT Rosso Toscano called
Poggio al Mandorlo, and the Barbera Pomorosso.
During this experience, you will have the occasion to taste three local wines,
together with olive oil produced by Fattoria di Petroio and a selection of cheese
from a producer from Maremma.
The wine tasting experience is kindly sponsored by XGLab.
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS
Concert Information
Concertvenue:CathedralSquare,Piazza dei Miracoli (Square of Miracles), Pisa
Concertdate:Tuesday, June 13th
Concerttime:21.00(doors will close at 20.30)
How to arrive: take LAM Rossa at the train station (every 10 min; direction
Pietrasantina Parking; bus stop: Piazza Manin).
Entry points: Cathedral facade and Bonanno Gate, in front of the Tower.
Enjoy a memorable experience at the
medieval Cathedral of Pisa. Riccardo Donati,
the chapel master of the Cathedral of Pisa,
will perform an organ concert specially for
us. The proposed repertoire includes Johann
Sebastian Bach, Felix Mendelssohn, Louis
Vierne and Cesar Franck.
For security reasons, in order to be able to
attend the concert, participants must
bring the entrance ticket with them.
Access to the Cathedral would not be
granted without the entrance ticket.
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS




Excursion itinerary: The participants will be accompanied by professional guides
to the discovery of the hidden treasures of the Old City of Pisa. The tour will start
from the Congress Center; four different itineraries are proposed (see the attached
figure). You are kindly asked to choose one of them at the Conference desk, where
you will be given a ticket of the corresponding color (see map) and an earpiece for
listening to the guide explanations (in English). To avoid congestions in the narrow
alleys of the Old City, the groups will leave with a delay of 10 minutes from the
previous one. Please check your ticket for the exact departure time. All the
itineraries will converge to Piazza dei Miracoli, where a tour of the Cathedral and
Monumental Cemetery is scheduled.
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS





Distancebyfoot: 7 min from the Congress Center (see map).
Social dinner is included in the registration fee for participants and accompanying
persons. Extra tickets will be available at the Conference desk (€ 70 each).
For security reasons, in order to be able to attend the gala dinner, participants
must bring the corresponding ticket with them.
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS
Colloquium Spectroscopicum Internationale XL – IX Euro-Mediterranean Symposium on LIBS
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